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SUMMARY
The Irritable Bowel Syndrome (IBS) is one of the most 
common conditions referred to a gastroenterologist, but there is 
no consensus of opinion regarding either its aetiology or its 
treatment. This is partly due to an absence of any physiological 
marker, and to the variability of presenting symptoms. It has been 
suggested that it is due to a fibre depleted diet, although this 
has never been shown.
The diets of 187 patients with the IBS and 61 control 
subjects were investigated using a validated dietary diary 
method. The patients were subdivided according to presenting 
complaint. It was found that patients had a lower intake of 
dietary fibre than controls,and in particular those with diarrhoea 
had a low intake of fruit fibre. Patients with constipation had a 
lower food intake.
To help in the dietary assessment of patients a computer 
programme based on a simple prospective dietary questionnaire was 
written. It proved to be an effective and rapid guide to fibre 
intakes.
Gut transit times were measured using the breath 
hydrogen technique for mouth to caecum transit times and the 
continuous marker technique for whole gut transit times. The 
possible effect of abnormal transit through the gut on food 
handling was investigated. It was found that patients presenting 
with diarrhoea had significantly shorter mouth to caecum transit 
times (with implications for the absorption of food) and that 
patients with constipation had lengthened transit times, both 
mouth to caecum and whole gut. Malabsorption of simple sugar 
solutions leading to gut symptoms was demonstrated both in 
patients and controls.
Finally, 11 patients with food intolerance were 
investigated, as it has been suggested that food intolerance is a 
major factor in the aetiology of the IBS.
The results suggest that low fibre intakes are probably 
important in the aetiology of IBS and that, at least in some 
individuals, carbohydrate malabsorption may also be a significant 
factor.
CHAPTER ONE.
THE IRRITABLE BOWEL SYNDROME; AN INTRODUCTION
1.1INTRODUCTION
Irritable bowel syndrome affects up to a quarter 
of the normal population, the majority of whom are "silent 
sufferers". Only the most anxious, the most severely 
afflicted, or those least tolerant of minor disorders 
consult a gastroenterologist; nevertheless this minority of 
the population constitute a major part of a 
gastroenterologist’s workload (Fielding 1977). For
these patients, their symptoms are often a major disruption 
to their lives.
The symptoms of the irritable bowel syndrome are 
variable.They include abdominal pain, flatulence, dyspepsia 
and disordered bowel habit; their cause is unknown,
although there are many theories. This thesis is concerned 
with those patients whose symptoms suggest abnormal colonic 
function (lower abdominal pain and disordered bowel habit).
In recent years it has been suggested that a 
fibre-depleted Western diet is responsible for the irritable
bowel syndrome (Burkitt 1969). Because of this, most
gastroenterologists recommend bran or other bulk additives, 
in its management in spite of conflicting evidence about 
their value (Heaton 1984).
It has also been suggested (Alun-Jones et_ al_ 1982) 
that food intolerance plays a major part in the pathogenesis 
of the irritable bowel syndrome; this too is largely 
unsubstantiated.
1.2 DEFINITION
As the syndrome itself is ill-defined, it is usually 
described in terms of the presenting symptoms. Chaudhury and 
Truelove (1962) were the first workers to identify 
sub-groups of patients according to symptoms; those 
complaining of the "spastic colon" variant, who complained 
of pain associated with variable bowel habit, and those with 
painless diarrhoea.
Numerous other definitions and descriptions of 
subgroups have followed. For the purposes of clinical trials 
Read (1985) has offered the following symptomatic definition 
of what he prefers to call the irritable "colon" rather than 
the irritable bowel syndrome; "abdominal pain together with 
a disturbance of bowel habit, which may be either diarrhoea 
or constipation or both and often encompasses urgency, 
frequent calls to stool and feelings of incomplete 
evacuation. The definition should also include the statement 
that these symptoms cannot be explained by specific 
pathology of the colon."
1.3 DIAGNOSIS
The diagnosis is one of exclusion. It is usually 
based on clinical history and normal physical examination, 
with barium enema or sigmoidoscopy if appropriate. Manning 
et al (1978) have proposed a group of symptoms suggestive of 
functional, rather than organic disorders. (Table 1)
In addition to bowel dysfunction, many patients 
complain of other symptoms such as headaches, anxiety or 
tiredness.
1.3.i.PAIN
The site and nature of the pain in spastic colon
varies.
1.3.i(a)The site of pain.
Ritchie (1973) inflated balloons in the sigmoid colon 
in volunteers and patients with irritable bowel syndrome. 
They complained of abdominal pain at several sites. The 
threshold for awareness of the pain was lower in patients 
with the irritable bowel syndrome than the control group.
A more sophisticated version of this experiment was 
carried out by Swarbrick ejt aJL (1980) using a colonoscope. A 
balloon was inflated via the colonoscope at various sites in 
the colon, and in about half of the patients studied,
TABLE 1
SYMPTOMS SUGGESTIVE OF I.B.S. 
Manning et al (1978)
1. PAIN relieved by defaecation
2. MORE FREQUENT BOWEL MOVEMENTS at the original onset
of pain.
3. LOOSER BOWEL MOVEMENTS at the original onset
of pain.
4. ABDOMINAL DISTENSION
5. PASSAGE OF MUCUS per rectum.
6. SENSATION OF INCOMPLETE EMPTYING of rectum.
distension of certain segments of the colon reproduced 
functional pain. Distension of the ascending and transverse 
colon tended to reproduce right sided or upper abdominal 
pain, and conversely distension of the left colon reproduced 
left sided pain.
Interestingly, this also confirmed the findings of 
Chaudhury and Truelove (1962) that colonic pain may be felt 
extra-abdominally, in sites such as the lumbar spine, ribs, 
shoulder or thighs. In addition to rectal or sigmoid pain, 
Cann e_t aJL (1983) have provided evidence that pain may also 
be caecal in origin.
It appears therefore, that the pain of irritable 
bowel syndrome arises in the intestine. The reason it does 
so is unclear; abnormally strong smooth muscle contraction 
or abnormal sensitivity to gut distension have been 
suggested.
1.3.i(b)The nature of the pain
The pain produced varies greatly in character. Most 
commonly it is colicky and spasmodic in nature (Chaudhury
and Truelove 1962). Less frequently it is described as a
continual dull ache, with colic superimposed, or as a sharp
pain often described as "stabbing" or "piercing". In some 
patients it is severe enough to provoke a vaso-vagal attack 
(Rhodes 1982).
The pain is often relieved by opening the bowels
(Chaudhury and Truelove 1962), and frequently exacerbated by
eating. It may be associated with eating or with a sensation 
of "bloating", which often becomes progressively worse 
during the day (Rhodes 1982). This abdominal distension is 
often attributed by the patient to gas production , although 
this has never been confirmed.
1.3.ii. BOWEL HABIT
Of the bowel function patterns, alternating diarrhoea 
and constipation is often said to be the most common. No-one 
however, has investigated the extent of fluctuation within 
one person. Studies have been reported which have 
investigated inter-group differences in stool
characteristics.
One study (Hillman ejt a_l 1982), curiously, could not 
show any difference in mean stool weight or transit time 
between patients with constipation and those with diarrhoea. 
In contrast, another similar study demonstrated an 
appreciable difference (Cann ejt al^  1983). Mean stool weights 
were 124 g/day in diarrhoea and 61 g/day in constipation. 
Whole gut transit time was 35 hours in diarrhoea and 87 
hours in constipated patients.
However, the women complaining of diarrhoea had a 
very similar stool output to that of a control group of 
women without abnormal bowel function. Conversely, the men 
with diarrhoea had heavier stools than those with normal
bowel habit (230 g/day vs 160 g/day).
Unfortunately, this study did not attempt to
investigate dietary intake. Dietary fibre, in particular, is 
an important regulator of both stool weight and transit 
time.
1.3.i i(a)Constipation
The study of constipation is complicated by the lack 
of an objective definition of the problem.
Drossmann ejt ajl (1982) defined constipation as 
"straining at stool for more than 25% of the time and/or two 
or fewer stools per week". Painter (1980) provided the
simpler definition "any patient who strains to defaecate and 
does not pass at least one soft stool daily". Thompson and 
Heaton (1980) simplified this definition " to straining at 
stool", and it is this definition that I have chosen to use.
They also identified the passage of scybala, laxative 
use and feelings of incomplete evacuation as part of the 
problem in many of their subjects.
1.3.ii(b)Diarrhoea
In the definition of diarrhoea, stool consistency is 
a more reliable indicator than frequency (Thompson and 
Heaton 1980). Not surprisingly, these subjects rarely strain 
at stool, and often complain of feelings of urgency or
episodes of incontinence. I have used the definition of
Drossman ejt ajL (1982) of "loose or watery stools more than 
25% of the time and/or more than 21 stools per week".
Many who complain of diarrhoea remark that it is 
worse early in the morning, but tends to resolve by 
mid-morning. It can, therefore, make life very difficult for 
people travelling to work, particularly on public transport.
1.3.iii.AGE AND SEX INCIDENCE
The irritable bowel syndrome appears to be a feminine 
complaint (Fielding 1977), commonly presenting in the third 
or fourth decade. It has however, been noticed in children, 
and Apley and Hale (1973) have stated that not only do 
"little bellyachers" grow up to be "big bellyachers", but 
one third of the "big bellyachers" have also been "little 
bellyachers".
1.4. HISTORY OF THE IRRITABLE BOWEL SYNDROME
Investigating the history of the irritable bowel 
syndrome is complicated. According to Fielding (1977) no 
less than fifty terms have been used in the English 
literature. However, certain characteristics are common to 
many patients, and these have been described accurately 
since the early nineteenth century.
1.4.i"Membranous enteritis"
In 1818 Dr Richard Powell (Powell, 1820) presented 
four case studies to the Royal College of Physicians. All 
four were female and complained of symptoms which would now 
be recognised as the Irritable Bowel Syndrome. These
included not only flatulence and abdominal pain, but also 
the passing of mucus or "membranes".
The common denominator in all the nineteenth century 
works concerning the irritable bowel syndrome is the 
emphasis on the passage of mucus; hence the term which had 
been coined for it by the late nineteenth century; 
"membranous enteritis"(Da Costa 1871). Da Costa also listed 
other synonyms which had been used to describe the 
condition; "diarrhoea tubularis, follicular colonic 
dyspepsia, pseudomembranous enteritis and painful 
afflictions of the intestinal canal" among others.
Fielding (1977) suggested that the reason for this 
emphasis on mucus was twofold. Firstly, he suggests the 
tendency, when describing a new phenomenon, to concentrate 
on the most extreme examples. Secondly, he suggests that 
the most common cause of the condition at that time was the 
use (or more accurately, the abuse) of purgatives and /or 
enemas. Superimposed on this, these currently fashionable 
preoccupations were used as a treatment for the condition, 
thereby perpetuating or precipitating the clinical state.
1.4.ii.Recognition of alternating bowel habit
In 1849, Cumming wrote "There is a disease of the 
mucous membrane of the digestive canal so common that it 
can scarcely have failed to obtrude itself on the notice of
every practitioner .....  the bowels are at one time
constipated, at another lax in the same person. How the 
disease has two such different symptoms I do not propose to
explain; but there can be no doubt that they are dependant
on the same cause and amenable to the same remedy." This
description must be instantly recognisable to any physician 
dealing with the complaint, and was the first to suggest a
common aetiology for two such apparently disparate
symptoms.
1.4.iii.Psychology of the gut
Cumming was also the first to remark on the 
personality of these patients. He described "an expression
of anxiety quite different  from that which usually
marks organic disease ......  a mixture of irritability and
despondency relieved from time to time by happier 
feelings."
1.4.iv.Early epidemiological studies
In 1859, Clark proposed a causation based on
epidemiological observations. He noted that the disease was 
of "frequent occurrence and seems incidental to advanced 
civilization".
1.4.v.Into the twentieth century
The first large scale study (60 patients) was 
published by W.Hale White in 1905. Besides noting the 
intestinal "casts", White described the connection between 
bowel function and degree of nervous tension. He also 
demonstrated an apparant association between disordered 
bowel habit and income; all of the cases he described came 
from his private practice.
1.4.vi.JIs iJt a motility disorder?
At around the same time, MacEwan (MacEwan, 1904) was 
investigating gut function. He did so by observing the 
caecum through defects in the abdominal wall, and noticed 
that in some patients "immediately on taking food into the 
stomach there was a caecal movement commencing from below 
upwards as if explosive". He thought this was probably a 
reflex movement.
Holznecht (1909) and Hurst (1919) both described 
"mass movements" or peristalsis after meals. Hurst said 
that "the stimulating action of a meal on the intestinal 
movements when present in an exaggerated degree must be the
cause observed .....  in nervous individuals in which a
meal is always followed by a desire to defaecate".
Thus by the beginning of the twentieth century, 
physicians had pinpointed all the salient features of the 
irritable bowel syndrome, and were probably as effective in 
dealing with it as we are towards the end of the century. 
Undoubtedly, some of the descriptions must have alluded to 
inflammatory bowel disease, and not to the irritable bowel 
syndrome.
Besides suggesting the mechanism for stress-related 
gut disorder (White and Jones 1940), and that it was not 
the stimulus per se but the reaction to it that led to 
changes in nervous activity (Almy et_ a_l 1949) few recent 
clinical surveys could add much to the foregoing 
descriptions.
However, in 1962 Chaudhury and Truelove attempted 
the first classification of patients according to symptoms, 
as previously described. Subsequently, an international 
workshop has been held in an attempt to subdivide and 
classify the syndrome (Heaton, 1983).
1.5.AETIOLOGY
Schuster (1973) commented that "the irritable bowel 
syndrome is so broad a concept that it must represent a 
"mixed bag" indicating a heterogeneous group of patients 
with similar symptoms but on the basis of several 
aetiologies".
This has resulted in an enormous amount of 
confusion and range of opinion concerning the pathogenesis 
of the condition. At one extreme are the protagonists of 
the "psychiatric" school of thought; at the other those of 
the "physiologic" school. In between dwell a multitude of 
warring factions. I shall consider the almost innumerable 
factors suggested as playing a role in the aetiology of 
the irritable bowel syndrome under the following seven 
groups: psychogical factors, abnormal gut motility,
"learned illness behaviour", abnormalities in bile 
acid handling, dietary fibre, food intolerance, and 
hormonal influences.
It is common knowledge that stress or emotion can 
alter gut function. The gut has a complex nerve supply and 
is influenced by many hormones, which probably alter 
function via effects on myoelectrical activity, and are 
controlled centrally.
Some authors (Heffernon 1966; Dorfman 1967) have 
suggested that the symptom complex arises as an overt
manifestation of a more organised psychiatric disease,
characterised by anxiety neurosis, depression and 
hysteria. Thus, conversely, a calmed mind would result in 
a calmed gut.
Patients with irritable bowel are said to exhibit a 
greater degree of "life stress" than controls
(Estler, 1973). However, perhaps this is only to be
expected in patients with distressing gut symptoms for
which there appears to be no explanation.
It has also been suggested, from hospital
outpatient studies (Palmer, 1974; Hill, 1966) that these 
patients have rigid meticulous personalities and may 
therefore be more "bowel-conscious" than might be 
expected. Thompson and Heaton (1980) demonstrated that 
almost one third of the normal population studied by them 
had symptoms which fitted into one of the four clinically 
distinct functional bowel syndromes. However, most of the 
individuals studied had not consulted a doctor, and they 
speculate about the motivation of those patients who do
seek medical help. Is it because their symptoms are
unusually severe or because they are unusually anxious? a 
similar study performed in America (Drossman, 1982) 
reached similar conclusions, and posed similar questions.
Whitehead et^  jal (1981) have reported that their 
series of patients were more neurotic than controls. 
However a global index of psychopathology was not 
correlated with the amount of rectosigmoid motility or the 
severity of clinical symptoms in any group other than 
those complaining of diarrhoea. These patients showed a 
correlation between psychopathology and both gut motility 
and symptom severity.
Whorwell et^  aJL (1984) reported the results of 
an extremely successful trial in which 15 patients had 
psychotherapy and a placebo medication, and the other 15 
six half hour hypnotherapy sessions. All 30 patients were 
said to have "severe refractory" irritable bowel syndrome. 
In the former group there was a small improvement in all 
symptoms except bowel habit, but in the latter group all 
symotoms were either mild or absent at the end of 
treatment. The reasons for this success are not clear; it 
may be that by teaching the patients that their disease is 
not serious or organic in nature, their fears are allayed 
and they are able to cope. Alternatively, hypnotherapy may 
act via a central mechanism, as yet undiscovered.
Even if, in this "mixed bag of disorders", there 
are a significant number who present in clinic as a result 
of psycho-physiological responses to which they are
intolerant, there are still a significant number in whom 
the irritable bowel syndrome appears unrelated to 
psychosocial stress or a personality disorder.
1.5.ii.Abnormal gut motility
The symptoms of abdominal pain, constipation or 
diarrhoea may be produced by abnormal motor activity, as a 
consequence either of inherent abnormality of the smooth 
muscles, as a result of faulty diet, as a result of stress 
or as a result of an unknown factor(s). Faulty diet will 
be considered as a separate issue later in this chapter.
Unfortunately, gut motility studies are 
technically difficult both to perform and to interpret. 
Smooth muscle electrical activity in the rectosigmoid of 
man is thought to originate in the inner smooth muscle 
layer, and to consist of two basic slow wave rhythms; one 
of about 3 cycles per minute and the other of about 6 to 
12 cycles per minute. Snape ejt aT (1977) reported that 3 
cycle per minute myoelectric rhythm is more prevalent in 
the irritable bowel syndrome in the unstimulated gut. This 
has also previously been reported in idiopathic
constipation (Connell 1962). Snape _e1t ajl later 
provided evidence that 3 cycle per minute electrical 
activity was associated with increased 3 cycle per minute 
motor activity.
The significance of this finding is uncertain.
Snape and his colleagues considered these contractions to
be characteristic of the irritable bowel syndrome, and
thought that they were noil-propulsive in nature, resulting 
in segmental haustration patterns which impeded onward 
faecal movement.
However, Latimer et aJL (1981) also demonstrated a 
similar abnormality in individuals with psychoneurosis who 
did not have abdominal symptoms. This pattern is not found 
in patients with pain or bowel irregularity due to other 
gastrointestinal disorders (Taylor 1978), but neither is 
it specific for the irritable bowel syndrome.
The irritable bowel syndrome has also been 
demonstrated to exert its effect on small bowel motility. 
Cann et^  a_l (1983) reported that mouth to caecum transit 
time of a solid meal was significantly shorter in patients 
with diarrhoea than a control group. In contrast, it was 
longer in those with either predominant constipation or 
pain, compared to controls. The assymptomatic controls, 
however, had very variable transit times (1.5 to 7.4 
hours) and all the irritable bowel syndrome patients fell 
within this range.
The reported difference in mouth to caecum transit 
time may be implicated in the pathogenesis of certain 
categories of irritable bowel syndrome. An alteration in 
the rate of gastric emptying can produce gastrointestinal 
symptoms (Binder 1983). A suitable model for this is post 
gastrectomy dumping syndrome; an increased rate of gastric 
emptying is associated with diarrhoea in these subjects. 
It is therefore possible that, even when the subject has
not undergone gastric surgery, an increased rate of 
gastric emptying may lead to symptoms without the 
operation. Similarly, the more rapid mouth to caecum 
transit time observed by Cann ejt aJL (1983) in subjects 
with diarrhoea may result in large amounts of carbohydrate 
arriving at the caecum; probably because an abnormally 
fast transit limits absorption due to decreasing contact 
with the absorptive epithelium. Ordinarily, the anaerobes 
present in the colon are very efficient at conserving 
malabsorbed carbohydrate, converting it to short chain 
fatty acids which are rapidly absorbed across the colonic 
mucosa. Any alteration in this sequence may result in 
diarrhoea (Bond 1980). Failure to absorb only 2%-4% of a 
daily carbohydrate intake would result in an osmotic 
diarrhoea if the colonic flora did not reduce the osmotic 
load by fermentation.
There appears to be no physiological measurements 
of gut motility which are specific for the irritable bowel 
syndrome. More information is undoubtedly needed on 
hormonal, dietary and CNS effects on gut motor function; 
it is probable that there is significant overlap.
1.5.iii.Altered sensitivity to pain or learned illness 
behaviour
The lack of evidence for dysfunction in the 
irritable bowel syndrome (except in constipated patients) 
makes it very tempting to assume that these patients are 
merely pathologically intolerant to normal body functions
and sensations. Ritchie (1973) has demonstrated heightened 
pain sensitivity by insufflating a balloon in the colons 
of patients and volunteer controls. Patients with the 
irritable bowel syndrome, he found, were more likely to 
have a lower pain threshold than controls.
It has also been suggested that they make more of 
minor ailments than other people ( Whitehead jrt aJL 
1982). In the same study, the authors described "learned 
illness behaviour", a syndrome defined as multiple somatic 
complaints, frequent visits to their doctor complaining of 
disability disproportionate to physical findings. This 
study compared patients with the irritable bowel syndrome 
with patients with peptic ulcers; there was no difference 
in anxiety levels, but the patients with irritable bowel 
syndrome showed significantly more "learned illness 
behaviour".
This behaviour may also characterise those patients 
out of the large proportion of the public with symptoms of 
the irritable bowel syndrome who actually seek help.
However, there is evidence that the 
hypersensitivity (Ritchie 1973) of the rectum and sigmoid 
in these patients may extend to the caecum (Cann 1983); 
and the pain of the irritable bowel syndrome may be due to 
an abnormally strong smooth muscle spasm or to undue 
sensitivity of the intestine to distension.
In patients with abnormally slow transit times, 
conditions are optimal for food residues to be fermented
by colonic anaerobes, and one of the by-products of this 
fermentation is gas.
Gas trapped in segments of the gut may give rise to 
abdominal pain and distension in patients with the splenic 
flexure syndrome, and it has been shown that gaseous 
distension of the splenic flexure will give rise to chest 
pain (Dworken 1952).
Levitt, however, demonstrated that patients 
complaining of "bloating" and "burbulence" do not have an 
increase in the volume of abdominal gas, but that movement 
of the gas through the gut was abnormal (Lasser, 1975).
Avery-Jones (1980) suggested two mechanisms for 
bloating; swallowing of gas and production of gas in the 
alimentary tract. He did note, however, that gas 
"swallowers" were seldom full of gas but often changed 
their posture by arching their lumbar spine and displacing 
the abdominal contents forwards, to produce an appearance 
of abdominal distension. He suggests that in some people 
it may be a psycho-neurotic manifestation, resolved by a 
sympathetic understanding of their problems.
The suggestion that the production of intestinal 
gas may have a bearing on the pathogenesis of functional 
pain may be related to the "caecal trigger zone" for pain 
postulated by Cann et^  ajL (1983); fermentation of food 
residues is known to occur primarily in the caecal area, 
and the onset of symptoms in these patients was shown to 
coincide with the arrival of fermentable substrate at the
ileocaecal junction.
However, there is no measurable physiological 
response for this aspect of the irritable bowel syndrome, 
as with other aspects, and the question remains: "Why
should the caecum hurt when it is given its normal job of 
work to do?” (Heaton 1983)
1.5.iv Abnormalities in bile acid handling
It is known that bile acids are responsible for the 
postprandial diarrhoea frequently found after ileal 
resection (Binder 1983). This is confirmed both by the 
observation that colonic perfusion of dihydroxy-bile acids 
in volunteer subjects resulted in net fluid and 
electrolyte secretion (Hofmann 1969), and the discovery by 
the same group that cholestyramine, a bile acid binding 
resin, is effective in the treatment of patients with 
post-resection diarrhoea.
A defect in ileal bile acid transport producing 
severe diarrhoea has also been described (Heubi 1979) in 
neonates. It is possible therefore that some patients with 
diarrhoea of unknown aetiology may have a partial defect 
in bile acid handling, possibly mediated by diet.
Hardison e_t aT (1978) suggest that small bowel 
transit time is an important determinant of enterohepatic 
cycling frequency, and Stanley (1973) suggested that a 
shorter intestinal transit time may decrease the 
absorption of bile salts in the distal ileum.
Bile acids are known to have a cathartic effect
and also to have an effect on colonic motility (Kirwan 
1975). Flynn eMt ajl (1981) suggested that faecal bile 
acids have an effect on myoelectrical activity and on 
smooth muscle; this may be relevant to the disorderd bowel 
habit, abnormal myoelectrical activity and the disordered 
motility, previously reported in the irritable bowel 
syndrome.
95% of the total bile acid pool is absorbed at the 
terminal ileum and only small amounts of primary bile 
acids (cholic acid and chenodeoxycholic acid) reach the 
colon. Once there, they are converted to deoxycholic acid 
and lithocholic acid respectively by the colonic bacteria.
Subjects with both the diarrhoea and constipation 
predominant variants of the irritable bowel syndrome have 
been shown to have lowered faecal output of deoxycholic 
acid (Flynn ejt aJL, 1981). There is, however, no evidence 
of decreased bile acid production. The concentration of 
lithocholic acid is unaffected, due to its insolubility. 
Supplementing a typical British diet with pectin 36 g/day, 
increased faecal secondary bile acid output
(Cummings ej: al 1979).
Pectin is a soluble form of dietary fibre, forming 
a viscous gel in the gut characterised by cross linkages, 
and is known to adsorb bile acids. This may prevent them 
from coming into contact with the colonic mucosa by 
holding them in a gel matrix and thus limiting their 
effect on smooth muscle.
This line of thought would appear to fit the 
theory proposed by the protagonists of the "fibre 
depletion" school; this will be considered next.
1.5.v Dietary fibre
In 1972, Painter suggested that a low fibre diet 
might lead to the development of an "irritated bowel". He 
postulated that the syndrome arose as a result of a normal 
gut struggling to cope with an "abnormal", fibre-depleted 
Western diet.
We now realise that dietary fibre is a complex 
mixture and before discussing the role of dietary fibre 
deletion in the irritable bowel syndrome, I shall discuss 
the structure and function of dietary fibre.
STRUCTURE AND FUNCTION OF DIETARY FIBRE
"Wholemeal bread cleans out the gut and passes through as 
excrement.White bread is more nutritious as it makes less 
faeces" Hippocrates 4th Century BC
The effects of dietary fibre on gut function have 
been recognised for centuries. It is however, only 
recently that the topic has been considered a subject 
worthy of scientific consideration.
This is largely because of the energetic promotion 
of the "fibre theory" by Cleave in the 1950's, and 
Burkitt, Walker and Painter in the early 1970's. 
(Cleave, 1956; Burkitt et^  jil 1972)
1.6.1.Epidemiological studies
The work of the above workers was based largely on 
epidemiological observations, mainly in the African 
continent. These demonstrated that many diseases common in 
Western civilisation were rare in Third World countries, 
and that the advent of these diseases in the Third world 
was associated with dietary changes. The most immediately 
apparent of these was a fall in dietary fibre intake.
1.6.ii.The definition of dietary fibre.
Fibre has been defined as "the sum total of 
ingested vegetable matter which resists digestion in the 
stomach and small bowel" (Cummings, 1976)
Although human digestive enzymes do not degrade 
fibre, colonic bacteria are able to do so and consequently 
only about one third escapes breakdown.
It is inappropriate to consider the effects of 
dietary fibre without first considering its structure. The 
physical, mechanical and chemical properties of fibre 
undoubtedly influence its effect on the gut. The structure 
of fibre is in turn affected by its botanical function.
1.6.iii. Botanical function of dietary fibre.
Dietary fibre is largely the structural components 
of the plant cell wall. Table 2 summarises the different 
types of tissue present in the major sources of dietary 
fibre.
Parenchymatous tissue comprises the bulk of dietary 
fibre from fruits and vegetables, and the endosperm of
THE COMPONENTS OF DIETARY FIBRE
MAJOR GROUPS CHEMICAL COMPONENTS
1. STRUCTURAL:
CELLULOSE Glucose
NON-CELLULOSIC Galacturonic acid
POLYSACCHARIDES Gluco-mannans
Galacto-mannans
Arabino-xylans
Glucurono-xylans
LIGNIN Aromatic polymer
2. NON-STRUCTURAL:
PECTIN Galacturonic acid
GUMS, MUCILAGES Great variety but 
including:
Galactose, gluco and 
galacto-mannans, 
arabino-xylans.
ALGAL POLYSACCHARIDES! Mannose 
Glucuronic acid 
Xylose
cereals. Parenchymatous tissues usually have thin primary 
cell walls, in contrast to lignified tissues where the 
cell wall has stopped growing and has undergone secondary 
thickening. Most of the morphological studies which have 
been carried out have investigated the structure of woody 
cells (largely because of their importance to animal 
nutrition), and few have looked at human foodstuffs. 
Information on the distribution of polymers through the 
plant cell wall is therefore incomplete, but the sequence 
of events in the building of the cell wall is known.
The middle lamella, which holds the cells together, 
is the first part of the cell wall to develop; it is 
rich in pectic compounds (usually as their calcium salts). 
On the inner surface of the middle lamella the primary 
wall forms; this is composed of cellulose fibrils as the 
main structural elements, embedded in a matrix of 
hemicellulose, pectic compounds and glycoproteins.
The secondary cell wall forms later and is rich in 
cellulose fibrils; in the latter stages of maturation the 
wall becomes infiltrated by lignin. Lignin imparts 
rigidity to the plant and is thus found in structures such 
as xylem bundles.
As the plant matures, therefore, the proportions of 
cellulose and lignin in its fibre composition increase.
Some types of fibre, such as the plant gums and 
mucilages, are formed in specialised secretory cells. Gums 
such as gum arabic are formed as a result of trauma.
Mucilages are found in the endosperm of seeds where they 
prevent excessive dessication.
The food industry makes extensive use of gums and 
mucilages and processed foods are the major dietary source 
of these components in the western diet.
Recent research suggests that starch also performs 
the function of dietary fibre; that is, that a certain 
percentage of it escapes breakdown by endogenous enzymes 
(Levine and Levitt, 1981; Stephen ejt aJL, 1983). It is
probably extensively utilised by the gut flora, and is
therefore effectively a dietary fibre. Little is known,
however of the extent to which starch escapes digestion, 
and this therefore remains slightly speculative. 
1.6.iv.Fibre chemistry.
The composition of fibre in the diet will depend on 
the age and species of the plant, but fibre can be
divided broadly into polysaccharides and lignin.
POLYSACCHARIDES
Polysaccharides include cellulose and a 
heterogeneous group collectively termed non-cellulosic 
polysaccharides.
Cellulose is the most abundant molecule in nature, 
and is composed of linear chains of up to 10,000 p-1,4 
linked glucose units. Hydrogen bonding between adjacent 
units imparts a crystalline structure.
Non-cellulosic polysaccharides are largely
hemicelluloses and pectic compounds (Southgate, 1978). 
Hemicelluloses contain backbones of 1,4 linked
pyranoside sugars, but differ from cellulose in that they 
are less than 200 sugar residues in length,contain a 
variety of sugars in addition to glucose (eg. xylose, 
mannose,galactose), and are commonly branched. The 
hemicelluloses are sub-classified according to the major 
sugar residue.
Acidic forms of hemicelluloses have a higher 
content of glucuronic and galacturonic acids than neutral 
forms (Theander 1979). Formation of uronic acids involves 
oxidation of the terminal CH^OH to C00H. This is 
biologically important because the sugar residues are then 
available for methylation, amidation and the formation of 
cation complexes .
Hemicelluloses, and in particular the hexose and 
uronic acid fractions, are more accessible to bacterial 
degradation than cellulose (Southgate ejt a_l, 1976).
D-galacturonic acid is the principle component of 
pectic compounds. Included in this diverse group are the 
water insoluble parent compound proto-pectin, as well as 
pectinic acids, pectic acids and pectin. The backbone of 
pectin is a linear chain of (l,4)linked D-galacturonic 
acid units containing L-rhamnose sugar residues. These 
cause bends in the molecule wherever they occur. Pectins 
may also have neutral sugars (galactose and arabinose) 
covalently bound to them as side chains (Selvendran,
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1984).
Pectin is highly water soluble and extensively 
degraded by gut bacteria. The major chemical 
characteristics of the polysaccharide fibres are 
illustrated in Figure 1.
Lignin
Lignin is not a polysaccharide but a complex, high 
molecular weight aromatic polymer of phenylpropane 
residues. It is composed of coniferyl, sinapyl and 
p-coumaryl alcohols which have undergone an enzymic 
dehydrogenation process.
Because of the strong intramolecular binding which 
includes carbon to carbon linkages, lignin is very inert 
and shows greater resistance to breakdown than any other 
naturally occurring polymer (Kay 1983).
Other dietary fibres
The outer walls of the epidermal cells of many 
leaves and fruit are covered with a protective layer of 
waxes and cutin. Underground organs such as tubers, 
contain suberin, another lipid-derived polymeric material 
(Selvendran 1984). These are enzyme and acid resistant 
substances, and are recoverable in the lignin fraction 
(Southgate, 1978).
The products of the Maillard reaction also 
associate with the lignin fraction. These are enzyme 
resistant linkages which form between the amino groups of 
proteins and reducing sugars during heat treatment (ie.
cooking)(Southgate, 1978).
1.6.v.Function of fibre in the gastrointestinal tract
From the foregoing overview of fibre chemistry, it
is clear that the heterogeneity of plant fibre makes the 
design and comparison of studies difficult.
The physiological role of different fibres in human 
nutrition is poorly understood. Eastwood and Kay (1979) 
have suggested that fibre behaves as a sponge, with both 
fibrous and amorphous properties. The physiological
effects of this sponge will then depend on the 
physicochemical properties of its components .
1.6.v(a) Effects in the upper gut
Fibre has been shown to modify gastric emptying
(Hyun jst a_l 1963). This is probably because streaming of 
gut contents occurs.It has been suggested that fibre may 
separate into water soluble and water insoluble fractions 
with differing transit times.
Certain fibre components (such as pectin) form
viscous gels. Soluble substances (such as sugars) may be 
diluted in the fibre or held within this gel structure,and 
this may limit contact with the absorptive mucosal
surface. It has been shown to alter glucose (Jenkins ejt ajl
1976 ) , cholesterol (Hyun ej: aJL 1963) and drug (Brown et
al 1977) absorption.
Essential minerals (Reinhold et_ al_ 1976) and
toxic metals (Tanaka and Skoryna 1970) may also escape
absorption; this is probably because they are irreversibly 
bound to free carboxyl groups or the sugar residues of 
fibre.
Mouth to caecum transit time may be influenced by 
different types of dietary fibre. McCance jet al (1953) 
demonstrated that wholemeal bread decreased upper 
intestinal transit time. Guar, however, (a gel forming 
fibre) increases it by as much as 100 to 125%.
1.6.v(b) The large intestine ^ right side
The role of fibre in the large intestine is 
complex, but can be divided roughly by colonic site.
In the right side of the colon the large bacterial 
population is responsible for the extensive degradation of 
fibre.
This is a dynamic process, and interactions may 
occur between bacteria, fibre and intestinal materials. In 
addition, fermentation products influence the chemical 
environment of the caecum and affect bacterial growth and 
activity. The extent of fibre breakdown is dependent on 
gut flora, transit time through the colon, and on the 
physical and chemical properties of the fibre present 
(Mertens, 1977).
Little is known about colonic bacteria. Over 100 
species have been . identified of which 96% to 99% are 
anaerobes. Bacteria account for 41% to 57% of the dry
weight of faeces (Stephen and Cummings, 1980).The gut 
flora are largely saccharolytic and those that ferment 
cellulose and hemicellulose show substrate specificity 
(Bryant, 1974).
The microbial spectrum of the lower gut may 
therefore be influenced by dietary habits, in particular 
the fibre composition. Diet related population differences 
in faecal flora have been reported (Borriello ejt ajl 
1978), but attempts to manipulate the gut flora by dietary 
changes have been largely unsuccessful (Drasar ej: aJL
1976, McLean-Baird et^  a_l 1978, Fuchs ejt al 1976).
Wyatt ejt ajl (1986) have, however, recently reported 
a direct and rapid change in faecal flora in response to a 
dietary addition of lOg/day of gum arabic (a water-soluble 
polysaccharide resistant to digestion by upper gut 
enzymes).
Holdeman et al (1976), investigating human faecal 
flora in astronauts on TISkylab" reported that some species 
(E. aerofaciensIII. Eubacterium siraeum) were sensitive to 
change from the astronauts normal diet to the Skylab diet. 
They also noticed an increase in one other species 
(B.fragilis. subspecies thetaiotaomicron) which appeared 
to correspond to an increase in anger/stress.
All attempts to characterise the gut flora have 
studied faecal bacteria. It is, however, known that 
considerable changes in the bacterial population occur as 
it passes from the caecum to the rectum (Finegold et: aJL
1978).
1.6.vi. FIBRE BREAKDOWN
The breakdown of fibre is an anaerobic process. 
Figure 2 summarizes this fermentation.
Short chain fatty acids
Short chain fatty acids are the major end products 
of. fibre breakdown. They are probably absorbed into the 
mucosal cell in the un-ionized form by a non-energy 
requiring transport process, although 7-20mmol are 
excreted daily in the faeces (Cummings ejt ajl 1981).
As a consequence of this, luminal bicarbonate 
levels rise, pC02 falls, pH rises and sodium and water 
absorption are stimulated (McNeil ejt jal 1978, Ruppin jet al 
1980).
Short chain fatty acid concentrations in the lumen 
are unknown, but about 200 mmol are produced daily 
(Cummings 1981) according to calculations based on 
polysaccharide breakdown and equations from rumen studies. 
In individuals who have a diet rich in dietary fibre, this 
may be an underestimate.
The molar ratios of the three main short chain 
fatty acids (acetate, propionate and butyrate) are 
around 60:24:16.
Gas production
The gases formed are carbon dioxide, hydrogen and 
to a lesser extent, methane. They are largely absorbed 
into the the circulation and breathed out (Tadesse and
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Eastwood 1973). Intestinal gas accumulates when bacterial 
production exceeds the rate at which they are absorbed.
The addition of a fermentable substrate (eg. fibre 
or lactulose) to the diet usually causes flatulence 
initially but the symptoms tend to subside after a few 
weeks of treatment. Gray (1965) has suggested that 
organisms yielding gases as the main products of 
fermentation (such as coliforms) are replaced during 
treatment by those producing little gas (such as 
lactobacilli or streptococci). These latter also produce 
more short chain fatty acids, and an acidic 
environment specifically inhibits hydrogen production 
(Perman ejt al_ 1980).
Energy
Energy from dietary fibre breakdown is used by the 
colonic bacteria for growth and cell division. This 
increase in bacterial cell growth results in an increase 
in the bulk of colonic contents ond faecal mass.
The large intestine - left side
The left side of the colon is involved primarily in 
faecal storage. A large moist stool is essential for 
onward movement of faecal mass, and stool weight and 
consistency are determined largely by the amount of fibre 
in the diet.
The development of a stool is largely dependant on 
an ordered matrix structure which holds bacterial cell 
debris, water, gas, bile acids and fatty acids. It has
been suggested that the bile acids and fatty acids, 
behaving as detergents help to hold the gases within the 
structure and thus help to expand the bulk (Eastwood and 
Kay 1979).
1.6.vi. DIETARY FIBRE AND THE AETIOLOGY OF THE IRRITABLE 
BOWEL tSYNDROME
Burkitt ejt jal (1972) demonstrated that many bowel 
disorders which are common in the western world are 
virtually unknown in Africans, who consume a diet high in 
unrefined carbohydrate and thus dietary fibre. 
They demonstrated that a high fibre diet is associated 
with a rapid transit time and bulky stools. A low fibre 
diet results in a prolonged transit time and the passage 
of small, hard stools. In patients with the irritable 
bowel syndrome who present with constipation, transit 
times have been shown to be prolonged (Cann _et aT 1983), 
and the stools characteristic of this patient subgroup are 
often described as hard marbles or ’’rabbity”.
These patients characteristically complain of pain, 
which may be due to the increased segmentation and higher 
intraluminal pressures which are associated with a lengthy 
transit time.
A high fibre diet reduces intraluminal pressure, 
presumably by reducing the strength and frequency of 
colonic segmentation (Almy and Fielding 1977).
However, many of the trials investigating the 
effects of dietary fibre have reached conflicting
conclusions. Several have investigated simply the effect 
of wheat bran supplementation, and indeed this has been
widely advocated (Ritchie 1982, Manning and Heaton,1976).
Fielding and Melvin (1979) reported an 
improvement with bran supplements. They did not use a 
control group, and referral to a gastroenterology clinic
may in itself cause resolution of symptoms in certain
subjects. The placebo effect is important. (Heaton, 1985) 
Three trials have employed a control group or a 
double blind crossover trial design. Soltoft et_ al,
(1976) compared bran biscuits (supplying 30g of bran per 
day) with wheat biscuits of similar appearance, over a 
period of 6 weeks, and using a double blind crossover 
method. No clear difference was found, but the trial 
design was probably not ideal. Weinreich (1976)
analysed the bran used for this trial and found it to have 
very poor water holding properties because it was so 
finely ground. The amount of bran given (30g) would supply 
13.2g of dietary fibre per day; this is unlikely to be 
enough to "at least double the fibre content of the 
patient’s food",as the authors claim. No baseline dietary 
assessment was carried out, and no record was kept of food 
intake throughout the trial. Six weeks is probably not 
long enough to influence gut motility patterns, although 
immediate effects on stool bulking and transit times would 
be apparent. The sample group chosen was probably not 
ideal; the patients were a mixed group, including those
with diverticular disease, and patients taking laxatives. 
Similarly, no information was given as to whether the 
patients had previously been "bran failures" or had been 
on high fibre diets.
Manning e_t aJL (1977) showed a significant 
reduction in abdominal pain and "improvement in bowel 
habit" on bran in a group of 14 patients. No details are 
given in either of these papers about symptom groups, and 
the latter group is too small to be able to draw any valid 
conclusions.
Cann ejt al, (1984) employed a double blind 
trial design in a carefully selected group of 38 patients, 
none of whom had previously had bran treatment, and 
reported that both bran and placebo significantly reduced 
symptom severity, and that constipation was the only 
symptom that improved significantly with bran, but not 
with placebo. In this study, diarrhoea was actually shown 
to become worse, as defined by a loosening of stools, on 
the active bran treatment. This.is in direct contradiction 
to studies which have suggested that bran is useful in 
patients complaining of diarrhoea (Harvey ejt al^ 1973).
In all six of the preceding studies, the six week 
trial period was probably too short. Three months has been 
suggested as a suitable period to allow subjects to get 
used to bran therapy (Brodribb, 1977).
1.6.vii. The "Pandora1s box" theory of dietary fibre
The major shortcoming of all these trials is the
use of bran to improve dietary fibre intakes. Wheat bran, 
although a concentrated source of dietary fibre, is in 
many ways atypical, principally in being highly lignified 
The best way to take dietary fibre is in 
conjunction with the polysaccharides and other food 
components with which it is associated in carbohydrate 
bearing crops such as cereals, legumes or roots. It is in 
many ways as illogical to eat the "packaging" of a 
foodstuff as it is to eat only the contents. Heaton (1984) 
stated this succinctly; "Our bodies are adapted to taking 
in carbohydrate in small packages. To remove the packaging 
before eating the contents is to open a Pandora’s box. 
That too is the fibre hypothesis".
Lack of fibre is really only one consequence, 
therefore, of carbohydrate refining.
Another problem inherent in these studies is the 
temptation to extrapolate. The distinction should be made 
between prevention and treatment, and an improvement in 
symptoms brought about by dietary fibre does not 
necessarily indicate that fibre is implicated in the 
aetiology.
1.7.FOOD INTOLERANCE
Food intolerance is a specific reproducible 
reaction to a specific foodstuff, and the proposed 
mechanisms are many. They include enzyme defects (such as 
alactasia), pharmacalogical effects (such as the effect of
caffeine present in large quantities of tea or coffee), 
the effect of histamine release in certain individuals 
caused by such foods as strawberries or shellfish, and the 
effects of fermentation of unabsorbed food residues in the 
colon. It should be distinguished from food allergy, in 
which there is an immunological response to food.
Food intolerance has been reported as a major
factor in the aetiology of the irritable bowel syndrome by 
Alun-Jones ejt aT (1982) who reported that in 14 out of 
21 patients, specific foods provoked symptoms of the 
irritable bowel syndrome, but could suggest no possible 
mechanism. They did note that in those patients whose
symptoms were replicated by a double blind challenge,
there was a significantly raised amount of prostaglandin 
E2(PGE2), and that faecal wet weight correlated well with 
PGE2. In contrast, Farah et^  al (1985), were able to 
demonstrate reproducible specific food intolerance using a 
double blind placebo controlled food challenge in only 3 
out of 13 patients, the remainder being strong "placebo 
reactors". This would seem to lend credence to the view
that most forms of food reaction are psychogenic 
(Lessof, 1983). The authors, however did suggest that the 
test dose used (400 mg of freeze dried food) was not 
enough to provoke a reaction, and indeed this is probably 
true if the underlying cause is non-immunological.
Similarly, Bently e_t aJL (1983) found that only 
3 out of 27 patients had reproducible symptoms on double
blind food testing, and these patients all had associated 
atopic disease and positive skin tests to common inhalent 
allergens. They suggest that people are intolerant to food 
for psychological as well as physiological reasons, and in 
their group of patients the prevalence of minor 
psychiatric disorders was 86%.
The Royal College of Physicians have called this 
psychological food intolerance, "food aversion", (Royal 
College of Physicians 1984) and defined it as an adverse 
bodily reaction caused by emotions associated with the 
food rather than the food itself. Food aversion is not 
reproducible on double blind testing.
1.7.i.POSSIBLE MECHANISMS FOR FOOD INTOLERANCE IN THE 
IRRITABLE BOWEL SYNDROME 
1.7.i(a) Prostaglandin release.
In the study reported by Alun-Jones ejt aJL (1982), 
despite the large percentage of patients reported to have 
food intolerance, no evidence was found for an 
immunological basis for these intolerances, and these 
findings are similar to those reported by Lessof (1980).
Alun-Jones ejt aJL demonstrated that prostaglandin 
release was associated with food intolerance. This 
however, only happened in the patients complaining of
diarrhoea, and was not a factor in those complaining 
predominantly of pain. Prostaglandins have previously been 
implicated as a factor in the pathogenesis of diarrhoea in 
inflammatory bowel diseases, intestinal obstruction and in 
toddler diarrhoea (Dodge ejt al^  1981). The mechanisms, 
however, remain unclear and require further invesigation. 
1.7.1(b) Histamine release.
Histamine release is often associated with 
immediate food (and other) hypersensitivity reactions, and 
its effects responsible for some of the immediate 
reactions , particularly in the respiratory tract and 
skin. McLaughlin jet al (1984) demonstated in vdfcro 
histamine release from jejunal mucosal samples from wheat 
intolerant patients with the irritable bowel syndrome, and 
from patients with coeliac disease after a gliadin 
challenge. They suggested that histamine release could be 
part of the pathogenetic mechanism in food intolerance, 
but more data are needed in this area before any 
conclusions about the practical applications of these 
findings can be drawn.
A more commonly known histamine effect is that 
produced in certain unsensitised individuals after eating 
strawberries or shellfish (Royal College of Physicians 
1984); the two may be related.
1.7.1(c) Pharmacological effects
Food components such as lectins (Freed 1985), 
which are present in many legumes, grains and tubers, or
caffeine in strong tea or coffee, have been suggested as a 
cause of enteric symptoms, but neither of these have, as 
yet, been investigated.
1.7.i(d) Carbohydrate malabsorption
As long ago as the 1930fs, Hurst and Knott 
(1931) had recognised the existence of a functional bowel 
disorder related to food intolerance and called it 
"Intestinal Carbohydrate Dyspepsia". They described the 
abdominal bloating, diarrhoea and alternating diarrhoea
and constipation common in the irritable bowel syndrome,
and one third of their patients noted that starchy foods
upset them. They treated the condition by severely 
limiting starch or carbohydrate containing foods, which 
was intended to limit as much as possible any colonic 
fermentation of "malabsorbed" carbohydrate.
Their work has since been substantiated by several 
workers. Anderson et^  al (1981) demonstrated that lOOg 
wheat flour was incompletely absorbed in normal subjects. 
100 g gluten free wheat flour was completely absorbed. 
Absorption was assessed by the measurement of breath 
hydrogen; a substantial rise in breath hydrogen indicating 
that the carbohydrate present in the test food had arrived 
at the caecum and was being fermented by the abundant 
anaerobes present.
Subsequent data from the same group indicates that 
as well as wheat starch, carbohydrate from oats, corn 
potatoes and beans is malabsorbed to varying degrees.
Stephen et jal (1981), using an intubation technique 
and direct estimation of the unabsorbed starch fraction, 
estimated that 5% to 10% of dietary starch escapes small 
bowel absorption, and provides (together with endogenous 
glycoproteins) a substrate for the growth and maintenance 
of colonic microflora.
1.7.i(e) Lactose and other sugar intolerance .
Malabsorption of sugars has also been cited as a 
cause for gastrointestinal symptoms. Lactose
malabsorption, related to lactase insufficiency, is 
prevalent in the majority of the worldfs peoples. Lactase 
does not usually persist after weaning, whether or not 
lactose is part of the adult diet (Johnson 1981).
Levitt ejt a_l (1976) performed a famous series of 
studies on a flatulent patient, who improved on a lactose 
free diet but still had problems. They suggested that this 
patient harboured a colonic flora which was very 
proficient at generating gas, and that even in tne absence 
of lactose, other foods (such as vegetables) provide 
fermentable substrates. Antibiotic therapy did not help. 
Bacteria in the colon probably break down as well as 
produce hydrogen gas, and in rats, antibiotics markedly 
increase hydrogen production by inhibiting hydrogen 
catabolism (Levitt ejt a^l 1974).It may be , therefore, that 
in this patient antibiotic treatment meant that more gas 
was produced.
Ferguson e_t al^  (1984), investigated lactase
deficiency in 150 normal white British adults, compared 
with patients with the irritable bowel syndrome and post 
gastrectomy diarrhoea. In the normal group, the prevalence 
of lactase deficiency was found to be 4.7%, and in the 
irritable bowel syndrome group 8.0%. Pena and Truelove 
(1972), in their paper on lactase deficiency in the 
irritable bowel syndrome, suggest a prevalence of 5%.
Disaccharidase deficiency is thus recognised as a 
cause of gastrointestinal symptoms, and it is
probable that disaccharides other than lactose may be 
malabsorbed in certain individuals.
Breath hydrogen production has been used 
successfully as a reliable test for hypolactasia, and Metz 
et al (1976) applied the hydrogen breath test after 
sucrose ingestion, to 11 patients with gastrointestinal 
symptoms. 5 produced hydrogen after the sucrose load, and 
although hyposucrasia is far less common than
hypolactasia, Metz and colleagues suggested that it should 
be considered in the differential diagnosis of patients 
with gastrointestinal symptoms of unknown origin.
Bond ejt a_l (1980) investigated C sucrose 
absorption in 4 healthy volunteers and in 4 patients after 
jejunoileal bypass using an ileal pefusion technique. In 
the latter, the small bowel failed to absorb 29%-84% of 
the 50g load of labelled sucrose. In the healthy controls, 
2%-4% of the same dose was malabsorbed. In both groups, 
the colonic flora fermented, and thus effectively partly
conserved, the malabsorbed carbohydrate. Failure to absorb 
as little as 2%-4% of a carbohydrate load would lead to an 
osmotic diarrhoea if the bacteria present in the colon 
were not efficient salvage organisms. Bond therefore 
suggested that "functional" diarrhoea could result from 
inefficient colonic handling of non absorbed carbohydrate.
Incomplete absorption of fructose, leading to 
gastrointestinal cramps, diarrhoea and flatulence, has 
been reported both in healthy volunteers (Ravich ejt 
.al, 1983) and in patients complaining of gastrointestinal 
symptoms after eating fruit (Andersson and Nygren, 1978).
Both fructose and sorbitol (a polyalcohol 
sugar)are being increasingly used by the food industry in 
soft drinks and confectionery. Sorbitol is a notorious 
producer of gastrointestinal symptoms, and the term 
"Dietetic food diarrhoea" (Ravry,1980) has been used to 
describe this phenomenon. As little as 5g of sorbitol has 
been shown to increase breath hydrogen production 
significantly (Hyams,1983). Sorbitol also occurs naturally 
in certain fruits, such as plums, apples and peaches.
"Functional" bowel disorders may, suggest the 
authors of the latter paper be due in some cases to 
excessive consumption of low calorie products sweetened 
with sorbitol, and it is certainly worth inquiring into 
the use of both commercial and natural products containing 
sorbitol.
Levitt (1983) has highlighted our basic ignorance
of the efficiency of carbohydrate assimmilation by the 
normal gut, and has suggested that the difference between 
Og and lOg of carbohydrate reaching the colon is likely to 
be clinically important (as is the type of carbohydrate).
The mechanism, therefore, of food intolerance in 
functional bowel disease, if it does contribute, is 
unclear and much further work is needed.
1.8.HORMONAL INFLUENCES
Abnormalities of gastrointestinal motility as a 
result of hormonal influences have been demonstrated in 
thyroid disease (Shafer ejt jil, 1984). These result in 
diarrhoea and malabsorption in hyperthyroidism, and
constipation in hypothyroidism. On this basis, other 
workers have invesigated the possibility that other 
hormones may have an effect on gastrointestinal motility 
and hence on gastrointestinal symptoms.
Bloom ejt a_l, (1984) investigated the gut 
hormone response to a standard meal in 42 patients with 
irritable bowel syndrome. They monitored levels of
gastrin, pancreatic polypeptide, insulin, gastric
inhibitory polypeptide, enteroglucagon and motilin and
found no significant differences versus controls, this 
being in direct contrast to results obtained in all other 
gastrointestinal diseases previously investigated by this 
group.
Preston ej: aJL,(1985), showed that patients with 
slow transit constipation or diarrhoea had a markedly 
different gut hormone response to those IBS patients 
with a normal gut transit time. Patients with diarrhoea 
had an increased plasma concentration of pancreatic 
polypeptide after a water meal, and patients with slow 
transit constipation had increased levels of motilin.
Studies in animals (Itoh, 1981) have suggested a 
relationship between motilin and peristaltic gut 
activities, and lower motilin concentrations have also 
been shown during pregnancy (Christof ides et^  al, 1982) 
when there is reduced muscle tone in the gut, and 
constipation is a commmonly reported problem.
There is a considerable amount of information 
available on the effects of steroidal hormones and 
pregnancy on the oesophagus, and particularly on the lower 
oesophageal sphincter (Van Thiel 1976,1977, Fisher et 
al. 1978, Bruce and Bensudi, 1979J. There is, howevert 
less evidence for the effects of female hormones on 
gastric or small bowel motor function.
It is known that some degree of small bowel 
hypomotility occurs during pregnancy (Hytten and Leitch , 
1971; Winship, 1975). This could be influenced by an 
increase in circulating motilin as previously described. 
Wald e£ al, (1981) demonstrated that the luteal phase of 
the menstrual cycle is associated with increased 
progesterone levels and prolongation of gastrointestinal
transit time, and Rees and Rhodes (1976) suggested that 
the luteal phase of the menstrual cycle was associated 
with constipation and suggested that the loose stools seen 
in the immediate pre-menstrual phase could be due to the 
release of prostaglandins E2 and F2 alpha; both of these 
are synthesised by endometrial tissue during menstruation 
(Gonsalez, 1980). Davies ejt ajL substantiated (1985) these 
findings. They may have some relevance,particularly as the 
majority of irritable bowel sufferers are pre-menopausal 
females.
1.9. CONCLUSION
The many theories suggested for the aetiology of 
the irritable bowel syndrome clearly indicates that no one 
view is entirely correct; they probably all contribute and 
are interdependent.
The aim of this thesis is to explore those aspects 
relating specifically to nutrition, and to examine their 
interdependency.
CHAPTER TWO.
DIET IN THE IRRITABLE BOWEL SYNDROME
2.1 INTRODUCTION
Previous dietary studies have concentrated on 
total fibre intakes of patients with the IBS (Fielding and 
Melvin, 1979; Hillman et al, 1982), and conflicting
evidence has been produced for the efficacy of dietary 
manipulation in this condition (Soltoft et al, 1976;
Manning et al, 1976).
Because both qualitatively and quantitatively, 
there are differences between low fibre and high fibre 
diets, energy yielding nutrients as well as dietary fibre 
components have been investigated.
The dietary intakes of 187 patients with the IBS, 
and 61 control subjects were investigated.
2.2. SUBJECTS.METHODS AND MATERIALS.
2.2.1 Selection of patients and control subjects.
All the patients studied attended a
gastroenterology clinic in Oldchurch District General 
Hospital, Romford, between December 1982 and June 1985. 
Diagnosis of the IBS was based on the clinical history and
a normal physical examination with barium enema or 
sigmoidoscopy if appropriate.
It was possible to divide patients into four 
subgroups using the following criteria:-
a) Constipation was defined as "straining at stool" or
less than three stools per week. All the patients 
presenting with this symptom had a barium enema showing a 
colon of normal size. Preston et al (1985) have shown 
that patients with chronic constipation can be divided 
into three subgroups. The first have a prolonged gut 
transit time but a normal barium enema (idiopathic slow 
transit constipation), the second group have an enlarged 
colon (idiopathic megacolon), and the third have a normal 
transit rate and normal barium enema. Our patients 
therefore fell into either the first or the third of these 
categories.
b) The patients were described as having diarrhoea if they 
complained of loose or watery stools more than 25% of the
time and/or more than 21 stools per week.
c) Patients with disturbed bowel habit were found to
complain of pain and bowel habits which varied between 
constipation and diarrhoea.
d) The final category was patients who complained of pain 
(usually in the iliac fossae), and a sensation of 
abdominal bloating. These patients did not complain of any 
disturbance to bowel habit.
The control group was drawn from hospital clerical
and nursing staff and their families, and medical 
students.
All the subjects gave informed consent for the 
experimental procedures.
2.2.ii. DIETARY METHODS
In attempting to assess the diets of individuals it 
is important that "usual" intake is quantified in as 
accurate a manner as possible.
A nutritional survey should fulfill all the following 
criteria: 1. measure accurately and completely the
intakes of individuals. 2. cause as little disruption to 
normal food habits as possible and 3. measure intakes 
which are representative of long term eating habits.
There is,however, no generally accepted method for 
measuring dietary intake in free living
individuals, despite a vast amount of literature on the 
subject. The two most important questions are: what is the 
best way to obtain the information and how long a period 
is needed?
2.2.ii(a)What is the best way to obtain dietary 
information?
Widdowson (1936) was the first person to 
investigate the diets of individuals (as opposed to 
families or groups of institution inmates). This was a 
significant step forward in attempting to establish 
epidemiological links between diet and health, but it was 
based on the weighing of all food and drink, was tedious
for the subjects and may have resulted in changed eating 
habits. Subsequently, a variety of methods have been used 
to examine dietary practices.
These have included precise weighing, records with 
estimated amounts of foods, the 24 hour recall and the 
dietary history method (or a modification of it). It is 
convenient and appropriate to divide these various
methods into recall and prospective methods.
Recall methods.
These aim to elicit past intakes either at an interview
or with a self administered questionnaire.
24 hour recall
The 24 hour recall is the simplest technique in current 
use. Using it, the subject is asked to recall food eaten 
over the past 24 hours. It has often been used to provide 
an estimate of food intake for individuals as well as 
for groups. It is inappropriate for either.
Food consumption patterns in free living 
individuals vary enormously from day to day. A good
example of this is provided by James et al (1981), from a 
study performed in adult men and women. Daily 
intra-individual coefficients of variation were between 
20% and 35% for energy, energy-yielding nutrients and for 
dietary fibre intakes.
Keys (1979) stated that the 24 hour recall 
attenuates the extremes, so that intakes in the lower 
ranges are overestimated, and in the higher ranges are
underestimated. This has been called the "flat slope
syndrome" (Gersovitz et al ,1978). The method is also
highly subjective. Campbell and Dodds (1967) showed that 
25% of daily food intake may be forgotten by young men, 
and a different study found that even when food was 
measured beforehand and the individuals were tested the 
next day using a questionnaire to prompt the memory, up 
to 21% of the previous day*s intake was forgotten (Acheson 
et al, 1980).
Dietary history.
This approach has been greatly favoured by
epidemiologists, the most common method being that
described by Burke (1947). Using this method, the subject 
is asked to describe his usual dietary intake, and a
"cross-check" list used as an "aide-memoire" to ensure
that no foods are omitted. The dietary history usually 
gives higher estimates than other recall techniques (Young 
et al,1952). It is useful for estimating "usual" intake 
or for estimating intake of a limited nunber of foods, 
such as milk (Bryan and Anderson, 1960) or sucrose (Yudkin 
and Roddy ,1964).
The major problem with dietary history methods , 
whatever the period of time involved, is the variability 
in their subjective component. In most cases, the subjects 
are not trained in nutrition, and the results will reflect 
their ability to recall, and to quantify and estimate
portion sizes. These are not fixed characteristics, but
will vary with , among other factors, the respondents age, 
sex, educational level and their relationship with the 
interviewer.
In certain cultures, certain foods may be 
overestimated as a result of a subject trying to appear 
more affluent (Keys ,1965). A subject's psychological 
approach might therefore influence the result, and 
conversely the same may apply to the interviewer; leading 
questions are a hazard in dietary methodology.
The history method depends therefore on a pattern 
of eating which can be recalled. A more valid method might 
therefore be to record information prospectively.
2.2.ii(b) Prospective methods 
Precise weighing
In her review of the techniques available for the 
assessment of individual's intakes, Marr (1980) called the 
precise weighing method the "gold standard" against which 
other techniques should be measured.
Using this method, the subject weighs all raw food 
ingredients (including inedible waste), all cooked food 
and all tableware. This method requires a very high degree 
of co-operation from the individual, and because of this 
can only be carried out in highly motivated volunteers. 
Even then subjects require close supervision, with 
consequent disruption of normal eating habits.
Weighed inventory method
The prepared (and if appropriate, cooked) food is 
weighed immediately prior to serving and any plate waste 
weighed at the end of the meal. This is a much less 
onerous task than precise weighing, and does not require 
such close supervision. It thus has a wider application, 
although subjects are still "volunteers" rather than a 
random population.
With any weighing method, potential bias is 
introduced by the difficulty of the technique, placing 
limitations on intelligence and motivation. These methods 
are also invasive, for they tend to limit the variety of 
foods consumed and interfere with eating patterns and 
social habits.
"Homely measures"
The weighed intake can be simplified by describing 
foods in terms of familiar household measures. These 
descriptive terms have to be quantified, translated back 
into weights then used for nutritional assessment, usually 
with food tables. There is inevitably a loss of precision 
on this method, but this can be minimized by a careful 
interview and explanation of the method.
There is, moreover, a higher degree of co-operation 
with this method; no special equipment is needed and in 
theory any literate person could complete a record chart. 
Supervision is thus minimal, and consequently there is 
little interruption of normal eating patterns.
I therefore decided to use a prospective
method, using a homely measures technique, to avoid the 
pitfalls associated with memory-reliant methods.
2.2.iii. How long does the study need to be?
For a study to be representative of long term 
eating habits, bearing in mind daily variation within an 
individual's dietary patterns it needs to be carried out 
over a sufficiently long period.
The period chosen will depend largely on the
nutrient(s) to be investigated, but will also depend on 
subject co-operation. Seven day diaries have been used 
since the 1930*s, and were probably chosen originally 
because people were paid on a weekly basis, and diets 
tended to be cyclical during the week.According to
Marr, (1980) a 7 day intake allowed 80% of the adult men 
in her population (bank clerks and busmen, aged 40-49) to 
be classified with 95% confidence into thirds of energy, 
carbohydrate and protein. There is greater
intra-individual variation in other nutrients (fat, for 
instance, requires information over 9 days and cholesterol 
over 18 days).
In a Cambridgeshire population, James et al (1981), 
found that sucrose, carbohydrate and protein intakes
appeared to be extremely stable, so that a week's 
monitoring of intake served to identify the appropriate 
third for 80% of the subjects absolute intakes. For total 
dietary fibre, 5 days intake was satisfactory for women,
but inadequate for men, who needed 10 days .
I intended to study energy, the energy yielding 
nutrients, total dietary fibre and dietary fibre 
components. On the basis of the previous studies, 7 days 
was chosen as an appropriate length of time to record 
dietary intakes.
2. 2. iv.DIETARY METHOD
Because of the large variation in,dietary methods, 
it is important that an internal standard is used for 
whichever method is chosen. This acts as a "quality 
control" and ensures that any inherent errors in the 
method are quantifiable.In the present study the 7 day 
diary using homely measures was compared with the "gold 
standard" of dietary methodology, the weighing method.
2 . 2.iv(a)Subjects and methods
The subjects were 187 consecutive patients
presenting between December 1982 and December 1984, and 61 
control subjects (14 male, 47 female ) drawn from hospital 
clerical and nursing staff, their friends and families and 
medical students. The patients were allocated, according to 
their predominant presenting complaint, to one of four 
symptom groups ( constipation, diarrhoea, pain and 
bloating or pain and disturbed bowel habit) as described 
previously. There were 31 patients with constipation(3 
male, 28 female ), 60 patients with diarrhoea ( 15 male, 
45 female ),53 patients with pain and bloating (19 male, 
34 female ) and 43 patients with pain and disturbed bowel
habit (16 male, 27 female )
The form used for this purpose (See Appendix la) 
was explained to the subjects, and written instructions 
were left with them . The form was completed for 7 days 
prospectively immediately after the visit to the 
dietitian. Exceptions were made, for example where the 
subject was going on holiday over the study period, as 
it was felt that this would not give an accurate 
impression of normal intake. Subjects were instructed to 
complete the form at the time of eating, whether they were 
eating at home or outside the home. They were instructed 
to record all foods in household measures; for example 
"one large thin slice of white bread" or "three 
tablespoons of cornflakes". If a recipe was used (for 
example for making a stew), details were recorded of the 
ingredients. This enabled the investigator either to use 
the appropriate dish in the food tables, or to select an 
appropriate recipe from a standard cookbook (for example 
Delia Smith, Beeton, Good Housekeeping) and work out the 
composition from the ingredients.
A major drawback of this method is that kitchen 
utensils in common use vary tremendously. Lockwood et al 
(1968) demonstrated considerable variability in level tea, 
dessert and table-spoonsful for 27 different foods. This 
problem can be solved by a careful interview before and 
after the study period.Information was therefore collected 
regarding portion sizes, size of tablespoons and teaspoons
used (using standard spoons as an example), and carefully 
elucidating information after the subject had completed 
the record chart,using photographs if necessary.
In a further attempt to minimise errors, foods 
which are eaten in standard portion sizes were 
weighed. These included biscuits, bread, biscuit-type 
breakfast cereals, eggs, cakes, pies ( both homemade and 
bought), fruits and vegetables measured in tablespoons. 
The results are given in Appendix lb .These are the
standard weights which were used for portion sizes.
Validation of the 7 day diary using a weighing method
It is now recognised that the validity of any 
dietary survey should be established. 31 subjects, (19 
patients, 12 controls) drawn randomly from the same
subject groups previously reported, weighed all their food 
within 4 weeks of completing the 7 day household measures 
diary.1 patient was unable to weigh her food accurately 
and her records were therefore not included.
Each subject was provided with scales (Soehnle 
Digita 800 , Plate la). These have the advantage of a
large capacity (1 Kg) in 2 g increments and are easily 
read. Written instructions, record charts and example 
records of menus and recipes (Appendix lc) were left with 
the subjects. 15 subjects were visited at home during the 
study; all subjects had the telephone number of the 
investigator and 3 telephoned during the week to clarify 
points, and all the control subjects were visited at their
Plate 1a. Food scales.
Plate 1b. Demonstration of weighing technique.
workplace during the week.
The purpose and method of the study were carefully 
explained to each individual. A demonstration was given of 
the technique, and subjects were asked to repeat this 
before the interview finished. Each interview took 
approximately 40-60 minutes.
All food eaten during the period was weighed. The 
weighings were carried out on the edible portions of food, 
and where bones, and fruit skins were included, this was 
recorded so that the correct food classification was used.
Some subjects weighed foods such as butter, 
margarine and jam at the beginning of the week. Where this 
was not possible, the subjects weighed the bread dry, then 
bread plus spread, and so on.
The instructions for weighing the meals were 
first, to place the empty plate (subjects were told to use 
their normal size of plate so as not to interfere with 
eating habits) on the scales, press the zero button, then 
weigh each menu item individually (see plate lb).
For canteen, cafe and restaurant meals, the 
subjects were instructed to record information in as much 
detail as possible. Where appropriate, duplicate dishes 
were purchased, or manufacturer's information on portion 
sizes and meal composition was used (see Appendix lc 
for instructions and forms used ).
2.2.V Drawbacks to the use of food tables
For both methods , food intake was assessed 
using standard food tables (Paul and Southgate, 1978; Tan 
et al,1984 ) and information from food manufacturers 
where specific ready cooked composite dishes were eaten,or 
where the food eaten was not included in any of the food 
tables.
Widdowson and MacCance (1943) stated that "There 
are two schools of thought on food tables. One tends to 
regard the figures in them as having the accuracy of 
atomic weight determinations, the other dismisses them as 
valueless on the grounds that a foodstuff may be so 
modified by the soil, the season or its rate of growth 
that no figure can be a reliable guide to its composition. 
The truth, of course, lies somewhere between these points 
of view."
For practical reasons I have had to rely on food 
tables and manufacturers information, as the alternative 
to collecting duplicate portions for chemical analysis.
For the present study, the information in the food 
tables on dietary fibre was expanded. Fibre from different 
sources is known to have different functions (Wrick ejt 
al 1983). Dietary fibre in the food tables is expressed 
as total dietary fibre,and this is easily described 
qualitatively in foods with single fibre sources, such as 
bread, fruit or vegetables. Many foods, however, contain 
fibre from two or more sources; such as fruit pies,
mincemeat pies, meat and vegetable pasties etc.
Typical manufactured products were dissected for 
fibre components (see appendix lb). Where this was not 
possible (eg home-made pies) standard recipes were used 
(corrected for water loss on cooking) to determine fibre 
sources. Agreement between 7 day household measures and 
weighed intake is shown in table 3.
Correlation between the 7-day household measure 
food diary and the weighed intake was good for all 
nutrients except vegetable dietary fibre (table 3, 
appendices 2a - 2k). Unfortunately, it is difficult when 
looking at two different methods of collecting information 
over two separate periods, to separate out the influence 
of different eating habits from that of the different 
methods. The poor correlation for vegetable fibre was 
largely because 10 of the 30 subjects changed their 
frequency of vegetable consumption or the type of 
vegetable consumed.
Three subjects had snack type meals (eg. 
sandwiches, toast) on one week of the survey, and changed 
to cooked meals, consisting of meat and vegetables during 
the second week.
The remainder of the subjects (7 out of 10) 
mentioned pulse type vegetables (eg. peas, beans) on 
average once a week during the "low" vegetable fibre 
period, and 4.5 times a week during the "high" fibre week. 
The major reason for this inconsistency in eating habits
TABLE 3
AGREEMENT BETWEEN DIETARY DATA COLLECTION METHODS 
30 Subjects (18 IBS Patients, 12 controls)
Mean daily intakes (standard deviation in parentheses)
WEIGHED 7 DAY 
INTAKE DIARY
ENERGY (kcal) 1664
(488)
1 698 
(488)
p< 0.001
PROTEIN(g ) 65
(19)
66
(16)
p<0.001
CARBOHYDRATE(g ) 1 82 
(58)
184
(68)
p< 0.001
FAT(g ) 75
(26)
79
(23)
p< 0.001
TOTAL FIBRE(g ) 17
(5.6)
17
(5.8)
p< 0.001
CEREAL FIBRE(g ) 7.5
(3.8)
7.3
(3.9)
p< 0.001
VEGETABLE FIBRE(g ) 6.6
(2.9)
6.7
(2.8)
N.S.
FRUIT FIBRE(g ) 3.0
(2.6)
2.5
(2.0)
p< 0.001
SUGARS(g ) 68
(28)
67
(32)
p< 0.001
LACTOSE(g) 9.3
(6.2)
9.2
(5.6)
- p< 0.001
STARCH/
DEXTROSE(g)
89 87
(30) (32)
p< 0.001
was shift type work .
Energy or carbohydrate were not influenced to the 
same extent because vegetables are not nutrient dense, due 
to their high water content. Similarly, the total dietary 
fibre content was not influenced because the amount of 
variability was relatively small, approximately 3 g/day. 
The 7 day diary using household measures was therefore
felt to be a good method for assessing prospectively the
dietary intake of individuals.
It was decided, that as it was difficult to
determine the usual intake of people working irregular
hours, they should complete two food diaries, and a mean 
nutrient intake calculated from these.
Bland and Altman (1986) commented on the use of 
correlation co-efficients in data which is not normally 
distributed. However, inspection of the scatter diagrams 
(Appendix 2) shows that all nutrients investigated had a
normal distribution.
"Day of the week” effect
The weighing method has been used, as it has here, 
to validate less direct methods. It has been claimed that 
such an intrusive procedure may change the normal eating 
habits of the study subjects. However, the mean energy 
intake of subjects on Day 1 (1527Kcal + 508 kcal) was
not significantly different from the mean energy intake on 
Day 7 (1440 + 600 kcal; Student’s "t" test N.S.).
This suggests that the spontaneous eating behaviour
of the subjects had not been affected.
2.3. RESULTS
The results of the nutritional assessments are 
summarised in Table 4. Detailed tables can be found in 
Appendices 4 and 5 . Table 5 shows the intake of major 
nutrients expressed as a percentage of total energy 
intake, and Table 6 shows the differences in fibre intakes 
expressed as a percentage of total food intake.
2.3.i.Energy intake.
Mean energy intake was approximately 2000 kcal/day 
in all groups except those complaining of constipation.
The rank order is similar to this when the sexes are 
considered separately, with the exception of the control 
males, whose energy intake is disproportionately high, and 
who come at the top of the rank order list. In the 
constipation group the energy intake of the males was 
22.8% higher than that of the females. In the Pain and 
Bloating group this figure was 30.9%, in the Diarrhoea 
group 37%, in the Pain and Disturbed bowel habit group 
40.9%, and in the Control group 50.2%.
2.3.ii. Protein intake .
The control group had the highest protein intake at
81.1 g/day, and the rank order descended through Pain and 
Disturbed bowel habit, Pain and Bloating, and Diarrhoea, 
to Constipation. The male and female orders were similar 
with the males eating proportionately more protein. Table 
7 shows the nutrient intakes expressed as a percentage of
TABLE 4
MEAN DAILY INTAKES OF MAJOR NUTRIENTS 
BY FOUR PATIENT GROUPS AND CONTROLS
CONTROLS CONST DIARR PAIN/BL PAIN/DBH
No. of subjects 61 31 60 53 43
Energy /kCal 2110 1690 1960 2080 2190
Protein /g 81 .1 6 2 . 2 7 0 . 3 7 4 . 3 7 8 . 8
Carbohydrate / g 2 0 3 . 5 1 8 6 . 9 2 0 0 . 3 2 2 0 . 5 2 2 4 .
Fat / g 1 05 8 0 . 3 98. 1 1 0 2 . 8 108
Total fibre / g 19 1 3 . 5 1 3 . 3 14 15
Cereal fibre / g 8 . 3 5 . 6 5 . 9 6 . 4 7
Vegetable fibre/g 8 5 . 7 6 . 3 5 . 9 6 . 3
Fruit fibre / g 2 . 5 2 . 1 0 . 8 1 . 5 1 . 5
Non-cellulosic
polysaccharides/g
12 8 . 9 9 . 5 1 0 . 2 1 0 . 3
Cellulose / g 4. 1 3 . 2 3 . 5 3 . 7 3 . 7
Lignin / g 1 . 2 0 . 6 0 . 6 0 . 6 0 . 8
Free sugars 
excl lactose / g
58 6 4 . 3 6 8 . 3 7 5 . 4 7 4 . 4
Lactose / g 1 0 . 9 10 . 1 1 0 . 8 1 1 . 9 11 . 2
Starch / g 1 0 6 . 5 8 3 . 4 9 8 . 5 104 . 1 109
TABLE 5
INTAKE OF MAJOR NUTRIENTS 
EXPRESSED AS PERCENTAGE OF TOTAL ENERGY INTAKE 
FOR FOUR PATIENT GROUPS AND CONTROLS
CONTROLS CONST DXARR p a i n /b l PAIN/DBH
PROTEIN 15.4 14.7 14.4 14.3 14.4
males 15.2 14.4 13.9 14.2 14.0
females 15.4 14.8 14.6 14.3 14.7
CARBOHYDRATE 38.5 44.3 40.9 42.4 41 .1
males 34.3 40.0 41 .4 42.5 40.0
females 40.4 44.8 40.7 42.3 42.0
FAT 44.7 42.8 45.1 ■44.5 44.4
males 44.8 45.5 44.7 43.9 44.6
females 44.7 42.5 45.3 44.9 44.3
SUGARS EXCL LACTOSE 11.0 15.2 14.0 14.5 13.6
males 9.3 13.4 14.4 14.1 13.4
females 11 .7 15.5 13.8 14.8 13.7
LACTOSE 2.1 2.4 2.2 2.3 2.0
males 1 .4 1 .7 2.2 1 .8 1 .7
females 2.3 2.5 2.2 2.7 2.3
STARCH 20.2 19.8 20.1 20.0 19.9
males 19.0 20.1 21 .0 21 .1 19.3
females 20.7 19.7 19.7 19.3 20.5
TABLE 6
FIBRE INTAKES 
EXPRESSED AS PERCENTAGE OF TOTAL FOOD INTAKE 
FOR FOUR PATIENT GROUPS AND CONTROLS
CONTROLS CONST DIARR PAIN/BL PAIN/DBH
TOTAL DIETARY FIBRE 4.66 3.95 3.49 3.41 3.52
males 4.13 3.37 3.46 3.25 3.41
females 4.87 4.02 3.50 3.53 3.60
CEREAL FIBRE 2.04 1 .65 1 .55 1 .57 1 .64
males 1 .68 1 .22 1 .53 1 .55 1 .74
females 2.19 1 .70 1 .55 1 .58 1 .55
VEGETABLE FIBRE 1 .95 1 .66 1 .66 1 .43 1 .49
males 1 .98 1 .81 1 .75 1 .35 1 .34
females 1 .94 1 .64 1 .62 1 .50 1 .60
FRUIT FIBRE 0.61 0.60 0.20 0.37 0.34
males 0.41 0.33 0.15 0.34 0.28
females 0.69 0.63 0.23 0.40 0.39
NON-CELL.POLYSACC. 2.95 2.59 2.48 2.47 2.42
males 2.45 2.50 2.44 2.48 2.36
females 3.15 2.60 2.50 2.47 2.47
CELLULOSE 1 .01 0.94 0.91 0.90 0.87
males 0.86 0.93 0.92 0.92 0.81
females 1 .07 0.94 0.90 0.89 0.92
LIGNIN 0.30 0.18 0.15 0.15 0.18
males 0.24 0.13 0.13 0.14 0.18
females 0.33 0.19 0.16 0.17 0.19
total energy intake. The value for the Controls was still 
at the head of the rank order with 15.4% of energy intake 
from protein, but the Constipation group was now second at 
14.7% closely followed by all the other groups at about 
14.4%. The male/female breakdown showed a reversal of 
previous patterns, with the females deriving a greater 
proportion of energy from protein than the males, in all 
groups. The differences are probably not relevant.
2.3.iii. Carbohydrate intake.
All groups consumed between approximately 200 and 
220g carbohydrate per day, except the constipation group. 
When the results are considered as the percentage of total 
energy intake from carbohydrate, all groups derived 40-45% 
of their energy intake from carbohydrate.
2.3.iv. Fat intake.
All the groups consumed around 100 g fat /day 
except the Constipation group which ate 80 g/day. The 
results expressed as percentage of energy intake from 
fat confirm this pattern with a uniform intake of 44.7% 
+ 0.4%, apart from the Constipation group which had an
intake of 42.8%. These differences are probably not 
physiologically significant. When the male/ female split 
is considered for the energy percentage figures, the male 
Constipation group has the highest relative intake of fat. 
The male constipation group consists only of 3 subjects, 
so little can be read into this result apart from noting 
that those 3 patients do not appear to be conforming to
the general trends of the Constipation group.
2.3.v. Fibre intake.
Intakes of fibre and all its components were 
significantly different from the controls in all patient 
groups.
The total fibre intake was 19.0 g/day in the 
controls, and 13.5, 13.3, 14.0 and 15.0 in the four
patient groups, with the Diarrhoea group consuming least. 
The females in all groups ate about 80% of the amount 
consumed by the males, apart from the Constipation group, 
where the men (3 only), ate slightly less than the 
females.
A slight problem in considering these results is 
the fact that the control group had a considerably greater 
food intake (as evidenced by the total energy intake 
figures) than some of the patient groups. So although 
their absolute fibre intake might be higher, expressed as 
a proportion of total food intake, the significance of the 
figures might be diminished. Table 8 shows the fibre 
intakes expressed as a percentage of total food intake. 
These figures were derived by taking the sum of the dry 
weights of the nutrients protein, fat, carbohydrate and 
fibre, and expressing the fibre intake weights as a 
percentage of this total figure.
These figures show that the relative intake of 
fibre is still greater in the controls than in the four 
patient groups, although it is interesting to note that
the Constipation group has been promoted to the head of
the four patient groups; the Constipation group consumes
3.95% of total dry weight of food as fibre.
These figures also show a reversal of previously noted 
sex differences, that is, the females have a greater
intake of fibre, expressed as a percentage of dry weight
food intake, than the males, in all groups. In three of 
the patient groups the difference is minimal, but in 
Constipation and Controls, the effect is quite marked; 
maletfemale being 3.37% : 4.02% and 4.13% : 4.87%
respectively•
2.3.v(a) Cereal fibre.
The control group consumed the most cereal fibre 
with the Diarrhoea and Constipation groups consuming 
considerably less. Expressed as the percentage of total 
dry weight food intake, the four patient groups are 
levelled out, all falling between 1.55% and 1.65% but 
the Control group consumes 2.04% dry weight of nutrients 
as cereal fibre.
In absolute terms the females have lower intake 
than the males (the one anomaly being a low intake by the 
3 "Constipation” males) , but in relative terms the females 
are roughly comparable with the males apart from the 
Control group and males complaining of constipation.
2.3.v(b) Vegetable fibre .
Again the Controls had a higher intake but unlike
cereal fibre, the four patient groups were all roughly 
equivalent. There were some relatively large sex 
differences, especially in the Control group and the 
Diarrhoea group .
2.3.v(c) Fruit fibre.
The Control group ate three times the amount of 
fruit fibre as did the Diarrhoea group. The Constipation 
was quite close to the controls and the two pain groups 
were identical. Male /female differences were minimal 
apart from the controls and the three "Constipation" 
males.
Converting the figures to percentage dry weight 
intake makes no appreciable difference to the inter-group 
differences but does reveal a uniform trend for females to 
have a higher fruit intake than the males.
2.3.v(d) Lignin.
There was a very clear difference between the 
Control group intake and the four patient groups, and in 
the selection of discriminant variables statistical test, 
lignin was selected first in all three steps. However the 
actual quantity present in the diets was very small; as a 
percentage of total dry weight food intake it ranged from 
0.15% to 0.3%.
2.3.vi. Sugars.
Free sugars, excluding lactose, was the one 
nutrient category in which the control group consumed less 
than all the patient groups. The males in all groups
consumed 20-30% more than the females, apart from the 3 
constipation males who consumed only marginally more than 
the females.
When the figures are considered in terms of 
percentage of total energy intake from sugars, the 
difference between the Controls and the patient groups 
becomes even more marked, but the differences between the
patient groups are evened out.
2.3.vii. Lactose .
Consumption of lactose was very similar in all 
groups. Conversion to percentage of energy intake from 
lactose reveals no marked inter-group differences (the 
range being from 2.0% to 2.4%), but does reveal some
inter-sex differences. A slightly higher intake in
absolute terms, in the females of the Controls and Pain 
and bloating groups, becomes a marked difference in energy 
relative terms.
2.3.viii. Starch .
Consumption of starch was similar in all groups
apart from the constipation group who consumed 
t «SS.
considerablyA The males in all groups consumed at least 
20% more starch than the females.
However when the figures are converted to 
percentage of energy intake from starch, all these 
differences are levelled out, and in fact the results are 
remarkable for their uniformity; group total intakes 
were all around 20% of total energy intake.
2.4. DISCRIMINANT ANALYSIS. CLASSIFICATION SUMMARY
Table 7 summarises an attempt to classify each 
individual into their symptom group on the basis of their 
dietary intake, using the technique of discriminant 
analysis. A subset of variables is selected on the basis 
of discriminant capability, which gives most weight to 
lignin, fruit fibre, protein, sugars, vegetable fibre and 
cellulose (in that order), and each individual result is 
allocated to a theoretical symptom group according to 
these predictors. The percentage of correct allocation 
indicates how distinct the dietary patterns are in the 
original results of the four symptom groups and controls.
The control group and the diarrhoea group are the 
groups correctly classified most consistently. 67% of 
group A (Controls) are classified correctly (20% would be 
expected by chance), and 65% of group C (Diarrhoea) are 
classified correctly. 32% of group D (Pain and bloating) 
are classified correctly, but only 16% of group B 
(Constipation) and 12% of group E (Pain and disturbed 
bowel habit), were correct.
52% of Constipation patients were incorrectly 
classified into group C, thus indicating that the 
Constipation and Diarrhoea groups have similar dietary 
patterns. 40% of Pain and disturbed bowel habit patients 
were misclassified also into group C.
A total of only 10 patients ( 4% ) were classified
into group B indicating that there is no reliable dietary
TABLE 7
CLASSIFICATION SUMMARY
Number of observations classified in groups: 
(with percentages below)
True
symptoms:
(A) (B) (C) (D) (E) TOTAL!
(A) 41 1 1 1 6 2 61
Controls 67 2 18 10 3
(B) 5 5 16 5 0 31
Constip. 1 6 1 6 52 1 6 0
(C) 8 0 39 11 2 60
Diarrh. 1 3 0 65 18 3
(D) 6 3 24 17 3 53
Pain/Bl. 1 1 6 45 32 6
(E) 9 1 17 11 5 43
Pain/DBH 21 2 40 26 12
TOTALS 69 10 1 07 50 1 2 248
PERCENTAGES 28 4 43 20 5 100
pattern for constipation detected by this method.
2.5.CORRELATION BETWEEN NUTRIENTS
Correlation coefficients between predictor 
variables are summarised in table 8. There is a good 
correlation between total energy and the energy yielding 
nutrients protein, fat and carbohydrate (r=0.9, p< 0.001 
in all cases). There was also a good correlation between 
the energy yielding nutrients themselves.
Total fibre intake unexpectedly did not relate to 
energy, protein, fat or carbohydrate, but was closely 
related to cereal fibre intake (r-0.8, p<0.001), and to 
vegetable fibre intake (r=0.7, p<0.001).
Lignin correlated well with cereal fibre
(r-0.7,p<0.01) and with fruit fibre (r-0.5, p<0.01). This 
is as expected, as the major sources of lignin are "woody” 
structures such as wheat bran or fruit skins and seeds 
(for example of berry fruit).
Correlation between different fibre components was 
good. Sugar intakes, as might be expected, correlated well 
with total carbohydrate intake (r=0.7, p<0.01), and weakly 
with total energy intake (r=0.5, p<0.5). Similarly, starch 
intakes correlated well with total energy, carbohydrate 
and fat (r=0.8, p<0.01 for all three), and weakly with 
total fibre, cereal fibre and vegetable fibre (r=0.5, 0.5 
and 0.4,respectively).
Starch intakes also correlated unsurprisingly, with 
non-cellulosic polysaccharide and with cellulose intake.
TABLE 8
CORRELATION COEFFICIENTS BETWEEN PREDICTOR VARIABLES
ENERGY 
ENERGY 1
PROTEIN 
PROTEIN .9 1
CARBOHYDRATE 
CARBOH. .9 .7 1
FAT
FAT .9 .8 .8 1
TOTAL FIBRE 
T. FIBRE .4 .4 .4 .3 1
CEREAL FIBRE 
CEREAL F . 3  .3 .4 .3 .8 1
VEGETABLE FIBRE 
V.FIBRE .4 .4 .4 .3 .7 .2 1
FRUIT FIBRE 
F.FIBRE -.1 0 0-.1 .5 .3 .1 1
NON-CELL. POLYSACC. 
N.C.P .5 .5 .5 .4 .9 .7 .6 .3 1
CELLULOSE
CELLUL. .5 .6 .5 .4 .8 .6 .7 .3 .9 1
LIGNIN
LIGNIN 0 .1 .1 0 .7 .7 .2 .5 .7 .5 1
SUGAR
SUGAR .5 .2 .7 .4 .2 .1 .2 .1 .2 .2 0 1
LACTOSE
LACTOSE .3 .3 .4 .2 .2 .2 .1 .1 .2 .2 .1 .2 1
STARCH
STARCH .8 .7 .8 .8 .5 .5 .4 0 .6 .6 .1 .3 .3 1
These two are measured as part of the starch component in 
some methods of fibre analysis, and often are closely 
bound up in the plant cell with starch.
2.6. COMPARISON OF FOOD INTAKES .
(Table 9>
2.6.i. The average weight of food eaten per day was 1142 
grams. Patients with constipation had the lowest total
food intake, and all of the symptom groups had a lower
food intake than the control group.
2.6.ii. Cereal intake.
Total cereal intake did not vary significantly 
between controls and subjects with either pain and 
bloating, or pain and disturbed bowel habit. Subjects 
with diarrhoea or constipation consumed approximately
50g/day less. In all groups, men ate more total cereals 
than women.
2.6.ii(a) Bread intake .
Bread consumption was on average 100 g/day (3-4 
slices) but the constipation group had a lower intake of 
85 g/day. Women ate less bread than men. Male controls had 
the highest bread intake, but all males ate in excess of 
115 g of bread per day.
The proportion of brown bread (taken to include 
wholemeal, granary, wheatmeal, wheatgerm and brown bread) 
to white bread also varied within and between groups. The 
control group ate more brown bread, both in terms of total
TABLE 9
INTAKES OF MAJOR FOOD GROUPS (g/day) 
FOR CONTROLS AND 4 PATIENT GROUPS
CONTROLS CONSTIP DIARR PAIN/BL PAIN/DBH
NUMBER OF SUBJECTS 61 31 60 54 43
AVERAGE FOOD INTAKE 1328 940.1 1060 1253 1139
WHITE BREAD 58.1 60.8 81.1 81.6 76.9
BROWN BREAD 48.1 23.4 18.6 28.1 25.1
TOTAL BREAD INTAKE 106 84.2 99.7 110 102
BISCUITS CAKES PUDDS 85
BREAKFAST CEREALS 16.6
OTHER CEREALS 38.3
TOTAL CEREAL INTAKE 246
MILK, DAIRY PRODS 258
COOK/SPREADING FAT 27.3
MEAT & OFFAL 169
EGGS/ EGG DISHES 31.7
FISH 24
POTATOES 102
FRUIT & NUTS 109
VEG EXCEPT POTATOES 134
TOTAL FRUIT & VEG 346
TABLE SUGAR 7 . 9
CONFECTIONERY 12.7
SOFT DRINKS 44.7
ALCOHOL 219
69.9 80.8 94.5 110
8.1 9.65 13.1 13
21 .4 11.6 15.5 14.9
1 84 202 233 240
215 243 284 251
23 27.3 29.9 27.6
128 148 162 165
21.9 21 .5 20.8 22.5
22.6 21 .6 23.2 24.9
87.5 113 118 110
97.9 36.1 68.3 64.9
101 87.9 83.1 99.7
286 237 270 275
17 22.6 27.9 24.2
16.4 13.7 19 16.3
37.8 73.9 49.2 47.9
49.2 130 69.6 122
amount per day and expressed as a proportion or total 
bread intake, than any of the patient groups. Male 
patients with constipation recorded no brown bread for the 
study week. For all groups, including the control group, 
white sliced bread was the most frequently recorded bread 
product.
2.6.ii(b) Biscuits, cakes and puddings .
Intake of these foods was lowest in the 
constipation group and highest in the pain and disturbed 
bowel habit group.
For three groups (diarrhoea, pain and bloating, and
pain and disturbed bowel habit), the men ate slightly more
(
than the women, and for the other two groups this was 
reversed•
2.6.ii(c) Breakfast cereals.
Breakfast cereal consumption was highest in the 
control group and lowest in the constipation group. It was 
similar for both sexes in all groups except the diarrhoea 
group, in which the women ate approximately half as much 
as the men. The type of cereal most frequently recorded 
was cornflakes, although a wide range of cereals was 
recorded by all groups.
2.6.ii(d) Other cereals .
This group mainly consisted of pasta and rice 
products. The control group again consumed more than any 
other group, with the diarrhoea group consuming least. The
male controls ate more than the female controls, but the 
intakes between sexes were roughly the same for all other 
groups.
2.6.iii. Milk and dairy products .
This group consisted of milk used in all beverages 
( tea, coffee, proprietary bed-time drinks), milk consumed 
with breakfast cereals, as well as cheese and yoghurt, but 
excluding butter. Intake was remarkably similar between 
groups.
For most groups, there was little difference
between the sexes, the exception being the diarrhoea 
group, in which the men consumed more dairy products than 
the women. The majority of milk was consumed in beverages, 
with approximately one quarter being taken with breakfast 
cereals.
2.6.iv. Cooking and spreading fats .
Most of the fats recorded in this category were 
butter and margarine; cooking fats (for example, used in 
casserole recipes) were only included *t f they were 
recorded separately, otherwise it was impossible to 
separate them from a cooked item as analysed in the food 
tables. This category therefore relates closely to the 
bread intake, and all groups recorded a very similar 
spreading fat intake, the exception being the constipation 
group, who had the lowest intake. This reflects their 
lower bread intake.
The sex differences also reflects the differences
in bread intake, with all males having a higher intake 
than females in the same group.
2.6.v. Meat and offal .
This group included all meats, poultry, offal, meat 
products (such as beefburgers and sausages), and cooked 
meat dishes such as pies, casseroles and curries.
The control group, pain and bloating group, and
pain and disturbed bowel habit group had a similar meat 
intake. The constipated group and the group with diarrhoea 
both had lower meat intakes.
As might be expected, the men in all groups ate
more meat than the women. The majority of meat was eaten 
in the form of meat products and/or pies during the week, 
and most subjects ate roast meat at the weekend. Two
control subjects, one "diarrhoea” group and one "pain and 
disturbed bowel habit” group patient, followed a lacto-ovo 
vegetarian diet.
2.6.vi.Eggs and egg dishes .
This group included foods such as omelettes and
quiches as well as plainly cooked eggs. The intake in all 
symptom groups was very similar (between 20 g/day and 25 
g/day, or 2-3 eggs per week) and was slightly higher (31 
g/day) in the control group.
Within the symptom groups, consumption did not vary 
more than 10 g between sexes, but male controls ate 46 
g/day, compared to 27 g/day in female controls. The 
majority of eggs were eaten fried or boiled.
2.6.vii. Fish .
Consumption of fish was low, at between 20 g to 30 
g/day (approx one large fillet of cod/haddock per week), 
in all groups. Men ate 5-10 g/day more fish than women in 
all groups except men in the pain and disturbed bowel 
habit group who consumed twice the amount of fish as 
did the women.
The majority of fish was eaten fried (with chips), 
or as fish fingers. Smoked fish was also popular.
2.6.viii. Total fruit and vegetables .
The control group ate more fruit and vegetables 
than any symptom group. The diarrhoea group had the lowest 
intake, and the other groups all consumed similar amounts.
For all groups, consumption by men was greater than 
by women.
2.6.viii(a) Potatoes .
Potatoes accounted for one third to one half of the 
total fruit and vegetable consumption. It was between 100 
g/day and 110 g/day for all groups (approx. 2 medium 
potatoes per day), except the "constipation” group, who 
consumed 87 g/day. Males in all groups except the control 
group ate more than the females.
With very few exceptions, chips were consumed at 
least twice a week, and most of the remainder of the 
potato was consumed either roast, mashed or as crisps.
2.6.viii(b) Vegetables excluding potatoes .
The control group ate the largest amount of
vegetables, and the pain and bloating, and diarrhoea 
groups ate least.
In all groups, men ate more vegetables than women. 
Frozen peas were by far the most popular vegetable; baked 
beans, carrots and cabbage were the next most popular in 
that order.
2.6.viii(c) Fruit and nuts .
The control group ate more fruit (109 g/day, 
equivalent to about one piece of fresh fruit per day) than 
any symptom group, although the constipation group ate a 
similar amount. The diarrhoea group ate the least.
Men and women ate a similar amount in all groups
except the constipation group, in which the women ate 
approximately 20 g/day more than the men.
2.6.ix.Table sugar.
Table sugar was defined as sugar added to beverages 
and to breakfast cereals. The control group consumed
at least half the amount of sugar than any of the symptom
groups.
2.6.x.Confectionery.
This group included boiled sweets, chocolate and
sweet spreads such as jam, honey and marmalade. All groups
ate less than 20g/day.
2.6.xi. Soft drinks.
This group included squashes, cordials, lemonade,
and other mineral waters. It did not include fruit juices
or low calorie/sugar free drinks. The diarrhoea recorded
the highest intake of soft drinks.
2.6.xii. Alcohol.
Alcohol was recorded as beers, cider, wines, 
fortified wines and liqueurs and spirits.The control group 
drank more alcohol than any other group.
2.7. DISCUSSION
Symptoms of functional gastrointestinal disturbance 
are common in "Western" communities, and have been 
described in up to 30% of the "healthy" population 
(Thompson and Heaton, 1980). A diet which is heavily 
reliant on refined carbohydrates (including sucrose) and 
animal products, and which^low in unrefined carbohydrate 
such as wholegrains, fruits or vegetables is also common 
in Western communities.
It has yet to be shown that this type of diet plays 
any part in the aetiology of the IBS. In the present study 
a detailed method for measuring food intake showed 
differences between the controls and each of the subject 
groups which were not immediately apparent if the IBS 
patients were considered as a single group.
2.7.i. Protein intake was shown to be lower in the 
patients than the controls, and this was felt not to be 
important. However, Maudgal et al (1983) reported that 
patients with IBS had significantly lower plasma retinol 
binding protein and thyroxine binding pre-albumin levels 
than matched controls. Both are rapid turnover proteins 
with short half lives (Socolow et al, 1965). A possible
explanation of this, suggested by Maudgal et al, is that 
the patients may have changed their dietary habits (ie. 
decreased their protein intake) as a result of abdominal 
pain.
Intestinal losses of protein may increase during a 
diarrhoeal phase of IBS, especially if mucus is lost in 
the stools. The clinical significance, if any, of these 
observations is unknown.
2.7.ii Hillman et al (1982) reported no difference in 
total fibre intake between assymptomatic women and women 
with the IBS. However, we found the IBS patients to be 
consuming less fibre than the normal controls, who had 
fibre intakes comparable to those previously reported for 
the UK population (Bingham, 1979). Our results agree with 
those of Hillman et al, in finding a lower intake of 
vegetable and fruit fibre in IBS patients. In spite of 
absolute differences in cereal fibre intake, the cereal 
fibre expressed as a percentage of total dietary fibre was 
remarkably similar (42% and 46%) in all subjects. This 
proportion is higher than that obtained by Bingham (1979) 
from calculations of National Food Survey data. However, 
the value of 30% which she reported did not include the 
fibre from "mixed" sources such as pies in contrast to 
non-mixed sources such as bread or cereals. The fibre from 
mixed sources in the present study accounted for about 10% 
of the total fibre and thus for the discrepancy in the 
figures.
The most notable difference in fibre consumption
was the low intake of fruit fibre in the group complaining
of diarrhoea. This may relate to association of symptoms 
with fruit intake. Proportionalities of any of the fibre 
components, however, are probably not as relevant as
absolute intakes (Southgate, 1983, personal
communication). The different types of fibre consumed may 
be as important as total fibre, particularly in the large 
bowel where fibre exerts its major influence via 
fermentation by the caecal flora and by direct physical 
effect. Cummings et al (1978) reported a study in which 
dietary fibre in equal quantities derived from apple, 
cabbage, carrot, bran and guar gum was fed to subjects. 
Changes in colonic function (ie. a decrease in transit 
time and an increase in faecal weight) were related most 
closely to changes in the intake of non-cellulosic 
polysaccharides, in particular the pentose fraction.
Bingham (1979) suggested that to achieve a 50% 
increase in faecal weight, pentose intakes would need to 
be increased by 3g to 4 g/day. Wholewheat cereals, green 
vegetables and pulse vegetables are good pentose sources, 
but 330g cabbage would be needed to supply the extra 3g 
pentose. White bread, consumed in the "average" amount of 
approximately 4 slices supplies only 0.2g pentose; 
wholemeal bread would supply 3.0g and raise total fibre 
intakes by 10 g/day .
Unfortunately, analytical figures for pentose,
hexose or the uronic acids are not generally available, so
it has not been possible to study fibre intakes in any
more depth than non-cellulosic polysaccharides, cellulose, 
and substances measured as lignin. In all instances the
controls ate more than any of the subject groups in
absolute terras. The control group was very similar to that 
previously reported by Bingham in terms of fibre and its 
components.
Very little is known about the variability in the 
intake of fibre and its components; it is difficult 
therefore, to draw up any hypotheses on the basis of these 
results.
The enormous variability in fibre intakes of all 
the groups reflects the previously reported work; there 
was, in common with the Cambridge study , a fourfold range 
in intakes, not accounted for by age or sex differences. 
This variation is important, since individuals probably 
have differing needs for fibre as with all other 
nutrients, and all studies reported have concentrated on 
mean population intakes. Bearing this in mind, it was felt 
that it was useful to consider the fibre intakes as the 
proportion of total food intake, and a figure was 
calculated as the percentage of dry weight of all 
nutrients contributed by the fibre components.This 
highlights the relationship between fibre and the rest of 
the diet. If it is taken for granted that the need for all 
other nutrients will vary between individuals according to
body size, habits and activity, it may be of some benefit 
to consider fibre in this way. Bowel size may vary between 
individuals thus and a given amount of fibre may have 
different physical effects in different individuals.
In this study, the figures for fibre component 
intakes as a percentage of total dry weight nutrient 
intake, show no further information in terms of fibre 
intakes of the patient groups against the controls. 
However, they do show that the patients with constipation 
had the highest fibre intake, expressed as a percentage of 
total food dry weight, and that the females had a higher 
relative fibre intake than the males in all groups. The 
sex difference was partially accounted for by cereal 
fibre, but mainly by fruit fibre.
The study of dietary fibre is further complicated 
by reports suggesting that other food components, 
notably starch, can behave as fibre, that is, they reach 
the caecum and are degraded by gut flora (Levine and 
Levitt 1981; Stephen 1982; Englyst and Cummings,1985) , 
and that different preparation can influence whether or 
not foods reach the caecum . Wong et al(1985) found that 
the canning process, involving high temperatures altered 
the availability of starch in legumes, possibly by 
modifying the polysaccharide structure, as did grinding 
the legumes prior to cooking. The physical form of the 
vegetable was therefore important, although, surprisingly, 
the viscosity of the solution was found not to affect
carbohydrate availability.
2.7.iii. In conclusion, at the simplest level there 
appears to be a set of identifying features of the diet 
that are specific for each sub-group of the Irritable 
bowel symdrome.
(a) Patients with the Irritable bowel syndrome 
have a lower dietary fibre intake than controls.
(b) The patients complaining of constipation have 
a low food intake reflected in a low intake of all dietary 
parameters.
(c) The patients presenting with diarrhoea have a 
particularly low intake of fibre derived from fruit.
(d) The patients in both the pain and bloating 
group, and the pain and disturbed bowel habit group, are 
similar in most respects to the control group, and to each 
other, but they consume 15 g/day more free sugars than 
controls. The two "pain" groups are so similar from all
dietary aspects that there is no sound rationale for 
attempting to subdivide them according to "bloating" or 
"disturbed bowel habit", if dietary factors are all that 
is to be investigated.
2.7.iv The two groups with the major dysfunctions of
bowel habit were the ones which showed the biggest
differences from the control group, and each had a very 
characteristic food intake. The group complaining of
constipation, for example, had a low intake of all foods,
and a low energy intake as well as the expected low fibre 
intake. Eastwood and Kay (1980) suggested that fats play 
an important part in the formation of an easily passed 
stool, because they act as a lubricant. The constipation 
group had a fat intake which was approximately 20 g/day 
lower than any of the other groups; this may have
contributed to their problem, together with the lack of 
food bulk and dietary fibre.
2.7.v. Thornton et al (1985) suggest that
super-efficient starch absorption may promote diverticular 
disease, a condition commonly associated with long
standing constipation. The mechanism proposed is that 
unabsorbed starch, an important source of colonic 
carbohydrate, is "malabsorbed" to different degrees, and 
that super-efficient absorption by reducing the amount 
reaching the colon, may promote constipation, and 
ultimately diverticular disease. In this study, the 
constipation group had the lowest intake of starch (c. 15 
g/day less than the other groups). For the average British 
person, consuming 150 g/day, this represents a shortfall 
of 10%; if this is combined with super-efficient starch 
absorption, a lowered fat intake and a lowered fibre 
intake, it is hardly surprising that some susceptible 
individuals become constipated.Conversley, the lower 
food intake may simply reflect the fact that this group
were mostly young females, who tend to eat less than other
groups.
2.7.vi. The diarrhoea group, in contrast, had an 
exceptionally low fruit fibre intake. It is very difficult 
to tell whether this is the cause of their disordered gut 
function, or an effect of associating symptoms with these 
foods and therefore restricting intake of them. This will 
be further investigated in subsequent chapters.
2.7.vii A drawback of this study is that differences in 
intake of substances which have not been measured are not 
readily apparent. Food processing techniques, for example, 
commonly employ colourings, preservatives and flavouring 
agents and despite their widespread use, little is known 
of their effects. It is possible that if consumed in 
sufficient quantity, over a period of time, they may 
influence gut function.
2.7.viii. The question of diet in the Irritable bowel 
syndrome is a complex one, and merits further 
investigation.Simple methods of dietary assessment would 
be helpful in both investigation and management and 
this is discussed in the following chapter. Subsequent 
chapters investigate food handling by the normal 
undisturbed gut and by patients with IBS.
CHAPTER THREE
COMPUTER AIDED ANALYSIS OF FIBRE INTAKES
3.1. INTRODUCTION
Chapter 2 describes the lowered intakes of fibre in 
IBS patients. Assessment of food intakes is of value to 
the clinician both in detecting dietary inadequacies and 
in planning and monitoring dietary treatment. Dietary 
fibre is one of the major factors influencing gut 
function, but no simple method of assessing fibre intakes 
exists.
This chapter therefore describes the developement 
of such a system at Oldchurch Hospital, in which data 
about food intake are collected prospectively, by means of 
a simple questionnaire. A computer programme has been 
designed to complement the questionnaire, and the two used 
in conjunction assess fibre intakes rapidly and 
accurately.
3.2. Methods and subjects.
3.2.i.Preparation of questionnaire.
Before the questionnaire was designed, a pilot 
study was carried out in a survey of of hospital staff and
patients attending the gastroenterology clinib to
establish the foods which contributed most significantly
to fibre were identified, (Table 10)
The mean weights of standard household measures of 
foods in these categories were determined , and their
fibre content calculated from . food tables (Paul and
Southgate, 1978).For foods already ' • '•* in "portions”,
such as bread, biscuits, biscuit-type breakfast cereals, a 
representative sample of ten items was weighed. There was 
very little variability in sample weights. For cereals and 
vegetables, a standard tablespoon measure was used, and an 
outline of the spoon used was shown on the front of the 
questionnaire to aid estimation.
The questionnaire was designed to be used over 7 
days, because previous studies (Marr, 1980; James et^  
al,1981) have shown this to be appropriate for fibre 
estimation.
3.2.11. Computer programme.
A dietary analysis programme was designed to run on 
a BBC model B micro computer. A data file, listing food 
items, their weights and fibre contents was created. On 
selection, the computer listed the foods in the same 
order as the questionnaire and allowed rapid entry of food 
items and quantities eaten. Errors such as missed items or 
those included by mistake could be easily amended.
Once a patient’s data were entered,the programme 
instantly displayed their total fibre intake,which was
TABLE 10
Categories of foods used in the fibre questionnaire.
Bread;white,brown,wholemeal 
Breakfast cereals 
Sweet biscuits 
Savoury/plain biscuits 
Cakes
Fresh fruit
Tinned and cooked fruit 
Potatoes and crisps 
Other vegetables 
Pizzas, pies, pasta and rice.
then printed out for inclusion in the hospital notes.
3.3.VALIDATION OF THE QUESTIONNAIRE.
The questionnaire was completed prospectively over 7 
days by 46 subjects drawn from the gastroenterology 
clinic and from hospital staff and their relatives.The 
same 46 subjects also completed a seven day diary as 
previously described in Chapter 2. The order of 
completion was randomised.
3.4.RESULTS.
The mean daily intake of dietary fibre by 7 day 
diary was 17.1 grams and by questionnaire 17.4 grams.The 
mean difference between the two methods was small (0.3 
grams;95% confidence interval from -0.5 grams to 1.1 
grams ). In 95% of individuals,a difference between the 
two methods of up to 5 grams a day may be expected.
3.5.DISCUSSION.
In clinical practice,dietary intake is normally 
assessed by a dietitian who either takes a dietary 
history or asks the patient to record prospectively 
everything eaten. While more accurate than a simple 
dietary recall method (which may omit 25% of food eaten) 
the dietary history technique is time consuming because 
of "cross checking". Also, itfs success will be affected 
by age, educational level and relationship with the 
interviewer. A prospective dietary record may rely on 
weighing food or on household measures. The latter is 
more simple and, with proper explanation, can be
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sufficiently precise. However, after completion the 
dietary record has to be reviewed to select those foods 
containing the nutrients to be studied. Calculations, 
using food tables are then made. Computer programmes are 
available to assist with this task, but the data have to 
be encoded and the number of foods is limited. On 
average, taking a dietary history or analysing a food 
diary and then performing calculations takes about 3 
hours of a dietitian’s time.
In this study, prospective data collection has 
been used, but the methods of recording have been 
simplified. Using the fibre questionaire, only the major 
foods containing the nutrient have been recorded. The 
questionaire obtains data in a form that can be entered 
easily into a BBC microcomputer. It has been found that 
medical, nursing and dietetic staff without knowledge of 
computers are able to learn quickly to enter information. 
On average, 7 days fibre intake can be entered and 
analysed in less than 5 minutes.
Although the questionaire/computer method is 
relatively simple to use and analysis can be made 
quickly, this survey has found it to be accurate when 
compared to other techniques. On average, in any one 
individual measured by 7 day diary and questionaire on 
separate weeks, a difference of up to 5 grams of fibre per 
day either way might be expected. This probably represents 
dietary variation and the degreee of accuracy is
satisfactory for clinical purposes. In most cases, the 
gastroenterologist is interested in whether the patient’s 
intake is low, normal for that population, or high.
The fibre questionnaire may be criticised because 
it does not distinguish between different sources of fibre 
(fruit, vegetable, cereal). Each source contains different 
types of dietary fibre, each of which may have different 
physiological actions in the gut. However, the
gastroenterologist is usually interested in the effect of
the fibre intake on large bowel symptons such as 
constipation. There is no evidence that one form of fibre 
is more important than others in this respect. .More
detailed studies on the effects of different types or 
sources of fibre will still need the expert services of a 
dietitian.
In conclusion, assessment of fibre intake with a
prospective questionnaire analysed by computer offers the 
gastroenterologist a rapid, simple and accurate method to 
monitor patients. We believe this will improve patient 
management and enable more effective use to be made of 
the dietitian.
CHAPTER FOUR
TRANSIT STUDIES IN THE IRRITABLE BOWEL SYNDROME .
4.1. INTRODUCTION.
It has been suggested that the irritable bowel 
syndrome is a disorder of intestinal motor activity 
(Whorwell et al 1981, Horowitz and Farrar 1962, Cann et al 
1983). However, reported differences in measurement of 
gut function have been conflicting.
Cann et al (1983) suggested that rapid small 
bowel transit limits absorption by reducing epithilial 
contact time, and that this may be an important mechanism 
in IBS patients presenting with diarrhoea.
In order to establish differences in motility (as 
judged by measuring transit from mouth to caecum and 
throughout the whole gut) transit measurements were 
carried out as described later in this chapter . In 
addition, stool weight and stool form (judged according to 
the rationale described in this chapter ) were measured.
4.2 SUBJECTS AND METHODS
4.2.1. Mouth to caecum transit time.
All the patients studied were referrals to the 
gastroenterology clinic at Oldchurch Hospital with 
symptoms of the IBS as defined previously.
Fifty six patients (42 female, 14 male, aged 18 
to 64 years, mean 40.1 years) satisfied these criteria and 
were studied. Two of these subjects were omitted; one 
refused the test meal and one had not fasted for twelve 
hours before the test.
These patients were subdivided according to their 
presenting symptoms. As described by other workers the 
subgroups were
a) Constipation (18 F, 0 M)
b) Diarrhoea (12 F, 9 M)
c) Pain and bloating (10 F, 5 M)
These symptom groups have been previously defined 
in chapter 2. Patients with disturbed bowel habit were 
excluded from group c) because the variability of their 
bowel habit would have made it impossible to attempt to 
characterise transit time on the basis of one measurement.
The overall male:female ratio of 3:1 is a figure 
in common with those reported in other series (Almy and
Fielding 1977), although the exclusively female 
constipation group was unexpected.
The control group was 33 healthy volunteers (21 F, 
12 M, age range 20-62 years, mean 46 years), who had no
bowel discomfort or disturbances. These subjects were 
medical students and members of the hospital staff, their 
relatives and friends.
4.2.ii. The possible role of a rapid mouth-caecum 
transit time in functional diarrhoea.
It has been suggested that rapid small bowel 
transit limits absorption by reducing epithelial contact 
time. This may be an important mechanism in irritable 
bowel syndrome patients presenting with diarrhoea. In
order to test this hypothesis, 7 patients with post
truncal vagotomy diarrhoea of more than 6 months duration 
were used as a model for rapid small intestinal transit 
time.
Mouth to caecum transit time was measured in the 
seven subjects and in seven age/sex matched controls,
using the hydrogen breath test technique .Test meals used
are described later in this chapter.
4.3. MEASUREMENT OF BREATH HYDROGEN EXCRETION
In the first century AD., Dioscrorides described 
beans as "windy, flatulent", and it has been known for at 
least this long that certain foods cause intestinal gas 
production.
More recently (Levitt and Donaldson, 1970), it 
has been shown that gas production in the gut is almost 
entirely colonic in origin in the healthy gut, and is 
composed of a mixture of hydrogen, methane and carbon 
dioxide.
Of these gases, the variation in the amount of 
carbon dioxide in the breath as a function of bowel 
activity is insignificant compared to the variation as a 
function of normal respiration, and breath methane 
concentration does not vary throughout the day or in 
response to food eaten (Wrick et al, 1983).
Hydrogen gas is usually liberated as a result of 
fermentation of substrate by intestinal microflora. This 
is reflected by about 14% of the total hydrogen production 
appearing in the breath, after diffusing across the gut 
mucosa (Levitt 1975 ). Breath hydrogen excretion can
therefore be used as a measure of gut hydrogen production.
The hydrogen breath test can, depending on an 
appropriate test substrate, be used either as a measure of 
mouth to caecum transit time or to demonstrate 
malabsorption of as little as 2g - 5g of carbohydrate, as 
absorption of carbohydrate is limited to the small 
intestine.
4.4.Technique.
The technique used is simple, involving breathing 
into 20ml syringes using an interval sampling method, via 
a T-tube connector, and injecting the sample into an 
electrochemical analysis system (GMI, Renfrew, 
Scotland, plates 2a-2c) which detects hydrogen using a gas 
sensitive polarographic cell. The system is accurate for 
breath hydrogen concentrations over the range 0 to 1000 
ppm at intervals of 1 ppm. The resulting measurements are
^age 92a
EXHALED HVOHOGEM MONITOR
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Plate 2c.Injection of breath sample.
plotted against time for the 4 hours after ingestion of 
the test meal.
4.4.i Precautions.
(a) Dead space air.
Alveolar hydrogen concentration shows a highly 
significant correlation with hydrogen production (Metz et 
al, 1976). Samples which have appreciable dead space air 
would have to be normalized to respiratory C02 (Niu et: 
al_,1979) in order to give a meaningful result. One way to 
get around this problem is to collect an end expiratory 
sample. This can done using a Haldane-Priestley tube 
(Haldane and Priestley 1905), a simple piece of equipment 
which samples gas at concentrations close to alveolar 
values in subjects with good lung function. It is 
therefore inappropriate for some patients who are unable 
to deliver an adequate sample.
Metz et al (1976) described a modified 
Haldane-Priestley tube using a 3-way tap attached to a 
longer and narrower tube than the original. Other methods 
described have included nasal cannulae, and use of a two 
bag system, (one for dead space air).
A further modification used was a T-tube 
connector attached directly to a 20ml syringe (plate 
2b) . This is significantly simpler than any of the
previous methods and is just as effective.
(b) Changes in gut flora.
Mechanical bowel cleansing or recent antibiotic 
therapy will both result in a diminished or altered 
microbial population, with a limited ability to generate 
hydrogen (Gilat et al.1978 ). Subjects were therefore
routinely asked whether they had undergone either of 
these procedures in the previous month and if so they were 
excluded from investigation.
(c) Gaseous interference .
Cigarette smoking and inhalation of solvent organic 
vapours have been shown to influence the Hydrogen breath 
test (Tadesse and Eastwood , 1977). These are easily
controlled for by disallowing smoking on the day of the 
test and performing the test in ventilated rooms which 
have not recently been painted or used for the storage of 
organic solvents.
(d) Sleep .
Breath hydrogen concentrations increase during 
sleep (Solomons et al, 1978). Subjects were therefore 
encouraged not to fall asleep for the duration of the test,
(e) Mouth flora •
In a large proportion of subjects, feeding of a 
test meal is followed by a small transient rise and a 
later maintained rise in breath hydrogen concentration.
Read et al (1985) have suggested that this is due to a
"gastro-intestinal reflex"; and that this first peak
arises as a result of entry into the colon of residues
from a previous meal, stimulated by ingestion of the test
meal.
Thompson et al (1983) has demonstrated clearly 
that this early rise can be abolished (or at least 
modified) by mouth hygiene before ingestion of the test 
meal. He suggested that this rise is due to carbohydrate 
fermentation by bacteria in the oropharynx.
Subjects therefore brushed their teeth thoroughly 
and used a chlorhexidine mouthwash (Corsodyl ICI,plate 
2d) for one minute before taking the test meal.
In order to avoid any possibility of food arriving 
at the caecum as the result of a gastro-ileal 
reflex,and causing an early rise in breath hydrogen, 
subjects were instructed to starve for 12 hours before the 
test.
(f) Activity.
It has been shown that activity (or talking) causes 
subjects to "blow off" hydrogen (Thompson et al 1983).
Subjects were therefore instructed to sit quietly 
for the duration of the test, and were not allowed to talk 
before taking a breath sample.
4.4.ii.TEST MEALS.
The test meals chosen depended on the nature of 
the study, that is, whether transit or absorption 
studies.
4.4.ii(a) Transit studies.
Plate 2d.Chlorhexidine mouthwash.
Plate 2e.Test meal for transit studies.
Previous workers (Bond and Levitt, 1975) have 
validated the breath hydrogen technique for use to measure 
mouth to caecum transit time.
In the original studies, mouth to caecum transit 
time was measured after drinking water and lactulose (an 
unabsorbable dissacharide). This, however, is probably not 
as physiologically relevant as feeding a meal of mixed 
composition, and eliciting a fed response.
et al (1980) have used a meal composed of 
sausages, potatoes, baked beans and homogenised pineapple 
custard. The baked beans were a source of unabsorbable 
carbohydrate (raffinose and stachyose). One major drawback 
of this test meal lies in the inherent diversity of 
these ingredients; a standardised test meal would overcome 
this problem.
The order in which this meal is eaten (only the 
pineapple custard is homogenised) may also affect the 
measurement of transit time. Fat is known to slow gastric 
emptying ( Holgate and Read, 1985); this may also affect 
small bowel transit. To avoid this, a standard 
homogenised meal,(Plate 2e) of a mixed nutrient soup 
(Heinz cream of chicken soup Batch No. 1295 2SF8A;
H.J.Heinz Co Ltd, Hayes, Middlesex) was given. The 
composition of the soup is shown in table 11. The 
non-absorbable carbohydrate was provided by blending 30mls 
of Duphalac (20g lactulose) with the soup. Lactulose was 
chosen because
TABLE 11
COMPOSITION OF SOUP 
Manufacturers information (per 100 g)
HEINZ CREAM OF CHICKEN 
WATER 87.9 g
SUGARS 1 .1 g
STARCH and DEXTRINS 3.4 g
DIETARY FIBRE
TOTAL NITROGEN 0.27 g
ENERGY VALUE 58 kcal
PROTEIN 1.7 g
FAT 3.8 g
CARBOHYDRATE 4.5 g
a) it is avidly catabolised by bacteria
b) it is known to be largely non-absorbed in the 
small intestine
c) it is non-toxic
d) there is no gas production as a result of host 
tissue metabolism
e) it is readily available and cheap.
The test meal was heated to a temperature of 48 C 
and consumed within a period of 5 minutes.
4.4.ii(b)Carbohydrate malabsorption.
A variety of methods for the detection of 
carbohydrate malabsorption have been described.
These fall into five broad categories.
Blood tests
Estimates of blood sugar levels following an oral 
load have give a high incidence of false positive results 
(Newcomer and McGill, 1967).
Reducing substances in the stools
This method is used largely in infants. It depends 
on a complete stool collection, and it’s reliability has 
been questioned (Soeparto et al.1972).
Direct enzyme assay
This is carried out on intestinal tissue obtained 
by peroral biopsy. This method is highly invasive and 
although a definitive diagnosis of disaccharidase 
insufficiency is possible, a single biopsy specimen does 
not reflect the extent of the lesion (Perman et al,
1978).
In addition, enzyme activity is not the only factor
influencing carbohydrate absorption, and may not be 
indicative of functional capacity for absorption. 
Radio-labelled substances
Substances such as sucrose labelled with a radio 
isotope can be given and measured in stools; any failure 
to absorb the material can be measured. ,lfC ,however, has a 
long half life and there is an understandable reluctance 
to use such substances.
Hydrogen breath test
This is the most recently described method. It is a 
sensitive, non-invasive, accurate and highly specific test 
for carbohydrate malabsorption.
4.4.iii.TEST MEALS.
4.4.iii(a) Disaccharide intolerance .
Carbohydrate , 50g lactose or sucrose was dissolved in
250ml of water. This mixture was drunk within 5 minutes. 
4.4.iii(b) Open food challenge .
The food suspected of causing gastrointestinal 
symptoms (eg. fruit, vegetables) was given in the amount
normally eaten by the subject. If this caused symptoms and
a rise in breath hydrogen, a blind food challenge was 
performed.
4.4.iii(c) Blind food challenge .
The food was given disguised in a flavoured drink
or soup, or where this was not possible,for example, wheat 
or potatoes, the appropriate carbohydrate (that is, wheat 
starch or potato starch) was given in a flavoured soup. 
Two control meals were also given. The first was the soup
or drink without the test substance, and the second the
soup or drink with a replacement carbohydrate source in 
the same quantity as the test carbohydrate.
4.4.iii(d) Absorption studies.
These were carried out to test the functional 
absorptive capacity for one sugar (fructose). The test 
sugar was given in varying doses, made up to a total of 
50g carbohydrate with glucose. This was done in order to 
maintain the same dose of carbohydrate and the same 
osmolality for each test meal. This eliminated the effect 
of different solution osmolalities on gastric emptying and 
transit.Figure 4 shows the clear response of one subject 
to an increasing dose of the test carbohydrate.
Before performing the above tests,the capacity 
of each subject to generate hydrogen was established 
(as previously described).The experimental procedure was 
exactly as previously described for transit time 
estimation.
4.4.iii(e) Malabsorption studies in post-vagotomy diarrhoea. 
All subjects were initially given the standard test meal 
of soup and lactulose in order to measure their mouth to 
caecum transit time.The subjects were then given a test 
meal of 50g glucose in 250ml water ; this was considered
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to have been malabsorbed if there was a breath hydrogen 
rise to twice the basal mean.
The post-vagotomy patients,in addition , were given a 
test meal of 50mls glucose solution and 50mls micropaque(a 
barium radio-opaque medium) in order to establish that the 
peak in breath hydrogen production was due to the caecal 
flora fermenting the non-absorbed carbohydrate and not to 
any small bacterial overgrowth. Plates 3a to 3c 
demonstrate that the barium was within or beyond the 
caecum coincidental with any breath hydrogen rise.
4.4.iv. SAMPLE COLLECTION .
For both measurement of mouth to caecum transit 
time and malabsorption studies, end-expiratory breath 
samples were collected as previously described. 3 to 5 
basal samples were taken to give a baseline measurement of 
breath hydrogen levels.
After taking the test meal, samples were collected 
at 10 minute intervals up to 30 minutes, and then at 5 
minute intervals for 4 hours or until a breath hydrogen 
rise occured and was sustained for twenty minutes. If no 
rise was detected before four hours had elapsed it was 
assumed that the test carbohydrate had been absorbed. 
Figure 5 demonstrates the reproducibility of the test 
when used to establish mouth to caecum transit times.
4.4.iv(a) Sample storage.
Samples were immediately capped after being taken
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Plate 4a.Polyurethane markers.
4b.Plain abdominal film showing markers.
and were analysed within 2 hours. Samples have been shown 
to be remarkably stable over as long a period as 7 days 
(Perman et al, 1978).
4.4.v. RESULT ANALYSIS .
The results were analysed using a computer
programme for, Q-sum analysis.
4.5. SUBJECTS
Whole gut transit time, stool form, stool wet weight.
4.5.i. All the patients studied were referrals to the 
gastroenterology clinic as previously described. Twenty 
two patients (19 F, 3 M, mean age 36 years, range 16-57 
years) were studied. All subjects kept a food diary as 
previously described, starting two days before the test 
period and continuing until they had finished the stool 
collection. Two subjects were withdrawn; one because she 
refused to collect a stool sample and the other because 
she could not understand the instructions for keeping the 
food diary or taking the shapes.
They were subdivided as follows:-
a) Constipation (9F, OM)
b) Diarrhoea (4F, 3M)
c) Pain and bloating (6F, OM)
The control group was 7 healthy volunteers (4F, 3M, 
mean age 28 years,range 21-34 years), who had no bowel 
disturbance. The volunteers were recruited as previously 
described.
The mouth to caecum transit time of all subjects
was also measured 7-10 days before starting the whole gut 
transit time measurement by the method previously 
described. One subject (Constipation) was omitted because 
of high basal breath hydrogen levels.
4.6.MEASUREMENT OF WHOLE GUT TRANSIT TIME
It is important, when discussing disorders of gut 
function such as the irritable bowel syndrome, to be able 
to define terms such as "constipation” or "diarrhoea".
The method described by Gear et al (1978) was
used to measure transit time in certain subjects. This is 
based on the single stool technique described by Cummings 
and Wiggins (1976), but involves the subjects taking 
different radio-opaque markers for 5 days instead of 3. 
This adaptation of the original method was used because it 
is a sensitive method of identifying those with long 
transit times, while not affecting those with short 
transit times.
4.6.i.Markers .
The five markers (plate 4a) used in this study were:
(a) Radio-opaque pellets (Portex Ltd) which were
approximately cube shaped, mean weight 30 mg, specific 
gravity (SG) 1.25
(b) The pellets as in 1. were cut into four small 
rectangular pellets of mean weight 7 mg and SG 1.25.
(c) Approximately 1mm sections were cut from radio-opaque
tubing,external diameter 4.5 mm, mean weight 15 mg, SG 
1.63 (Portex Ltd).
(d) Approximately 1mm sections were cut from 
radio-opaque tubing, external diameter 3.0 mm, 
mean weight 8 mg, SG 1.63 (Portex Ltd ).
(e) 5mm-6mm lengths were cut from fine-bore radio-opaque 
tubing mean weight 10mg,SG 1.58 (Cassenne Ltd).
All five types are clearly distinguishable on an 
X-ray film ( Plate 4b).
The subjects were provided with markers,polythene 
boxes and bags as well as a nylon carrying bag (Plate 
4c).Instructions are shown in appendix 3. 20 markers were 
taken at 8am each morning by the subject, for five days 
in the order given above. The whole of the first stool 
passed on or after day 6 was collected in a heavy duty 
plastic bag (plate 4d), sealed and placed in a plastic 
container, which was overwrapped with another heavy duty 
polythene bag (plate 4e), and marked with the date and 
time of defaecation .
The box, bag and contents were weighed as soon as 
possible aferwards to determine stool wet weight.
4.6.ii. Determination of transit time.
The stool was flattened ( within its plastic bag) 
to avoid the possibility of one marker obscuring another. 
The bag, box and its contents were frozen before
X-raying.To radiograph the sample,the box was placed on a 
cassette containing Kodak XRPI film,and placed 100cm from 
the X-ray tube.Exposure factors used were 56kV;100mA and 
0.05sec.The films were processed immediately using a Kodak
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Plate 4c.Stool collection kit - Markers,bags and boxes.
Plate 4d.Box containing sample.
Plate 4e.Box overwrapped in polythene bag.
Plate 4f.X-ray of stool sample.
M6A4 Xomat.After X-raying, (plate 4f) the number of
different markers were counted and transit time (tt)
calculated according to this
formula: ( R1 * tl )+( R2 *t2 )
t t = -----------------------
R1 + R2
where R1 and R2 are the numbers of the two markers 
present in the largest numbers, tl is the time from the 
ingestion of the R1 to collection of the stool and t2 the 
time from ingestion of the R2 markers to the stool 
collection.
This equation gives the mean transit time. It is 
assumed that the markers are treated in the same way as 
fibre by the digestive tract. So although some markers 
pass through the gut rapidly, others are held up by the 
gut making the mean transit time the more meaningful 
measurement; this mirrors the handling of fibre.
The continuous dose administration method is not affected 
by day to day variations in bowel habit which seriously 
affect the accuracy of single dose methods. Secondly, the 
markers used are the closest to fibre that can 
conveniently be used. Specific gravity is the most 
important index, as substances of a high specific gravity 
(eg. glass beads S.6.2.6 ) have a faster transit rate than 
materials of a lower specific gravity. Whole faeces has a 
specific gravity of about 1.0, while cellulose ranges from
1.3-1.6 and the pellets used were 1.25 and 1.63. (Cummings 
et al. 1976).
There is good reason to believe that the pellets 
will be treated by the gut as particles of fibre and that 
an accurate figure for mean transit time will be obtained.
The statistical test used was one-way analysis of 
variance (ANOYA)*followed by a Student’s ”tM test only 
where statistically significant differences in measurement 
were observed.
4.7. ASSESSMENT OF STOOL FORM.
Davies et al (1985) described a linear scale for 
the assesment of faecal form (Table 12).This is an
extremely useful tooljDavis and her colleagues reported 
that mean transit time was more highly correlated with 
faecal form than with any other bowel function
measurement.lt has therefore been used to provide another 
subjective measure of bowel function.
4.8. RESULTS .
4.8.i. Mouth to caecum transit time.
There was no significant correlation between age or 
sex and mouth to caecum transit time.
Mouth to caecum transit time (Table 13) tended 
to be longer in patients with constipation ( 76 minutes 
+ 8.4) and in patients with pain and bloating (77
minutes + 5.9) compared with controls (67.1 minutes + 
3.3), but these differences were not statistically
significant.
Patients with diarrhoea had a significantly shorter 
mouth to caecum time (40.2 minutes + 3.6) than controls
TABLE 12
LINEAR SCALE OF FORM OF FAECES 
Davies et al (1985)
LINEAR SCALE FORM OF FAECES
1 . Loose, watery and runny.
2. Mushy, flattened surface and
definite flow.
3. Mushy, heaped surface.
4. Collapsed, remnants of original
shape visible.
5. Snake-like, coiled or cylindrical
with a smooth surface.
6. Cylindrical, with superficial
cracks.
7. Cylindrical, with deep cracks.
8. Fragmented: segments, pellets like
sheep droppings, corrugated 
formations and button-like discs.
Mean form of faeces=£fx/n where:
f=number of times form observed 
x=form of faeces in units as above 
n=total number observed
TABLE 13
ANALYSIS OF VARIANCE FOR MOUTH TO CAECUM TRANSIT TIME 
FOR 3 PATIENT GROUPS AND CONTROLS
n MEAN/mins SEM t
CONTROLS 33.00 67.06 3.29
DIARRHOEA 21 .00 40.24 3.66 7,.33
CONSTIPATION 18.00 75.89 8.39 -1 .05
PAIN/BLOATING 15.00 77.00 5.87 -1 ,.69
(p<0.001). In addition 13 out of 21 patients with 
diarrhoea complained of pain (in one or both iliac
fossae) and bloating (6), diarrhoea (6) or nausea (1)
during the test. None of the other symptom groups or
controls complained of any symptom replication during or 
immediately following the test.
4.8.ii. Whole gut transit time .
There was no significant correlation between age 
and stool weight, stool form or whole gut transit time. 
There was no significant correlation between sex and whole 
gut transit time and stool form, but stool wet weight was 
heavier in the male than in the female controls (Table 
14). The stool weights of the three male patients with 
diarrhoea were therefore compared with those of the male 
controls.
Mean whole gut transit time was significantly 
longer (p<0.01) in the constipated patients (109 hours) 
and shorter (p<0.01) in those with diarrhoea (36.4 hours)
than in the controls (54.8 hours). (Table 15).
4.8.iii. Stool wet weight was within the "normal” range 
(50-200 g/day) in all but one control (in whom it was 
heavier) and in one patient (in whom it was lighter).
Average daily stool weight was similar in patients 
complaining of constipation and pain and bloating, and in 
both groups was significantly lower than the control 
group (p<0.01).
Mean daily stool weight was not significantly
different in patients with diarrhoea compared with the 
controls.
4.8.iv. Mean stool form (table 14) was similar in patients 
complaining of constipation and pain and bloating and was 
significantly different (p<0.01) from the controls.
The stool form in patients with diarrhoea was 
significantly (p<0.001) less well formed than the 
controls.
4.8.iv. Correlation between whole gut and mouth to 
caecum transit time.
There was a weak intergroup correlation between 
whole gut and mouth to caecum transit time (r»0.44,
p<0.02), but there was no correlation within any of the 
four groups(Table 16).Other correlations calculated 
within groups for stool form and stool weight yielded low 
correlation,indicating a wide variability in these 
measurements.
4.8.v. Mouth to caecum transit time in functional
diarrhoea.
Mouth to caecum transit time was significantly 
faster (P<0.01) in patients with post-vagotomy diarrhoea 
(PVD) (28. \ +-!>•$ mins) compared to controls (J=S.% +-3*6 
mins).
None of the control subjects showed a breath 
hydrogen rise with the test dose of glucose, whereas all 
the patients showed a rise. In all patients, the
rise occurred when the test meal was at or beyond the
TABLE 14
MEAN OF STOOL FORMS AND STOOL WEIGHTS.
n STOOL FORM STOOL WT
/g
CONTROLS 7 5.8 160
DIARRHOEA 8 1.5 163
CONSTIPATION 8 7.8 70
PAIN/BLOATING 5 7.8 70
TABLE 15
ANALYSIS OF VARIANCE FOR WHOLE GUT TRANSIT TIME 
FOR 3 PATIENT GROUPS AND CONTROLS
N MEAN/hours SEM T
CONTROLS 7 5 4 . 8  7 . 21
DIARRHOEA 8 3 6 . 4  3 . 9 9  4 . 6 3  p < 0. 01
CONSTIPATION 9 109 1 2 . 2  - 4 . 4 5  p< 0 . 01
PAIN/BLOATING 5 7 1 . 6  1 0 . 9  - 1 . 5 4
TABLE 16
CONTROLS
n=7
DIARRHOEA
n=8
CONSTIPATION
n=8
WHOLE GUT AND MOUTH TO CAECUM TRANSIT TIMES 
MEANS, STANDARD DEVIATIONS AND 
CORRELATION COEFFICIENTS
WHOLEGUT 
TT /hours 
MEAN SD
MOUTH-CAECUM 
TT /mins 
MEAN SD
CORRELATION 
R t
54.84 19.06 60.71 13.36 0.50 1.29
36.37 11.28 34.37 16.57 0.06 0.16
113.50 36.17 63.12 17.92 0.50 1.41
PAIN/BLOATING
n=5
71.60 24.34 66.00 47.62 0.31 0.56
caecum.
All patients reported that they had diarrhoea 
following this test procedure. The rise in breath 
hydrogen and the diarrhoea could be abolished by 
administering 60 mg codeine phosphate 1 hour before 
ingestion of the test meal,indicating that complete 
absorption of the test dose could be effected by 
decreasing the rate of intestinal transit.
4.8. DISCUSSION .
4.8.i. Using a soup/lactulose meal, transit through the 
small intestine was faster than normal in IBS patients who 
presented with diarrhoea, but not significantly slower in 
those presenting with constipation. This may be an 
experimental artefact; lactulose is an osmotic laxative 
and has been shown to influence small bowel transit when 
taken as a test solution. However, the subjects in our 
trial were not given a lactulose solution per se, but 
lactulose incorporated in a homogenised small' meal 
containing protein, fat and carbohydrate (viz. a can of 
chicken soup).
It was hoped that this might be handled in a more 
physiological manner than a simple solution of lactulose. 
Read et al (1983) fed their subject a standard 
liquidised meal of frankfurters, mashed potato, baked 
beans (which provided a carbohydrate substrate for the gut 
bacteria) and pineapple custard. Our view was that this
failed in its aim to be a truly physiological meal by 
removing any element of solid food. Secondly, the much 
greater complexity of this experimental model will 
introduce more independant variables and thus make the 
data more difficult to interpret with certainty.
Our simpler experimental model with an average 
mouth to caecum transit time of 65 minutes compared to 4 
hours using the methods of Read et al, gives a clearer 
result but must be interpreted with care. The results do 
not predict the handling of normal meals but do provide a 
useful physiological index for inter-group comparisons.
In common with our series, Read et al could 
find little relationship between transit through different 
sections of the gastro-intestinal tract. They suggested 
that different sections of the gut are controlled by 
their own independent mechanisms. They also
suggested, however, that extremely rapid transit through 
the upper gut could overwhelm these control mechanisms, 
resulting in diarrhoea. It is possible that this mechanism 
is responsible in part for the diarrhoea of the irritable 
bowel syndrome, and this is borne out by replication of 
patients* symptoms during the test. The post-vagotomy 
patients with diarrhoea provided a model for this action. 
All of them malabsorbed a 50g dose of glucose, in addition 
to having a rapid small intestinal transit time. When the 
transit time was lengthened by administration of codeine 
phosphate, the rise in breath hydrogen and thus the
carbohydrate malabsorption was abolished.
If carbohydrate malabsorption does lead to the 
symptoms of diarrhoea in the IBS, the above results may 
explain why patients with diarrhoea have a lower intake of 
fermentable polysaccharides; a higher proportion of 
non-absorbed carbohydrates may arrive at the caecum, 
causing uncomfortable symptoms which the patients attempt 
to handle by restricting their intake of those foods known 
to cause their symptoms. It may also explain why a high 
fibre diet has not been shown to be of value in the 
irritable bowel syndrome.
Conversely, abnormal gut flora may be responsible 
for unpleasant symptoms. Hunter (1985) reported that 
food-related IBS often follows abdominal or pelvic 
surgery, bouts of gastroenteritis or repeated antibiotics. 
Higher numbers of aerobes were found in faecal samples of 
patients previously treated with metronidazole, an 
antibiotic known to have an effect on anaerobic and 
aerobic bacteria (Lewis et al, 1977), which is used
routinely by some surgeons to "sterilize” the gut before 
large bowel operations. It is possible that an altered gut 
flora may handle food residues in an abnormal way, leading 
to the typically disturbed gut habits of IBS.
4.8.ii. Hillman et al (1982) demonstrated no difference 
in whole gut transit time between patients with the IBS 
and normal controls, but they had patients with diarrhoea 
and those with constipation in their IBS group and made
no attempt to seperate them. On the basis of our results 
(ie. that patients with diarrhoea have a more rapid 
transit time, and patients with constipation a slower 
transit time) it might be expected that with both extremes 
represented their overall mean would not differ greatly 
from controls. It would have been more relevant if Hillman 
et al had published details of the range of their results.
Corbett et al (1981) demonstrated an accelerated 
transit time in Irritable Bowel Syndrome patients 
presenting with diarrhoea. Cann et al (1983) reported 
difference in whole gut transit time between controls and 
irritable bowel syndrome patients with constipation and 
diarrhoea, using the time taken for recovery of 50% of 
polyurethane markers. This method may not detect slow 
transit times as well as the five marker technique 
reported here. In spite of the differences between
mean transit times, many of our subjects showed 
considerable overlap in transit time both with the 
controls and with other symptom groups. This reflects the 
subjectivity of the patients reporting their own 
symptoms; one patient complained of diarrhoea when she 
had frequent passage of scybalous stools, and a whole gut 
transit time in excess of 140 hours. It also suggests that 
although a disordered transit may contribute to the 
symptom complex, other factors are of equal significance.
The diarrhoea group and the controls had very 
similar stool wet weights, and the constipation and pain
with bloating groups had similar stool wet weights and 
stool form. For all gut function measurements, the pain 
with bloating group behaved more like the constipation 
group than the controls.
There were not enough subjects to enable an 
examination of the relationship between dietary factors 
and bowel function measurements; Gear et al have 
previously demonstrated that subjects with a total fibre 
intake over 30g had transit times within a more narrow 
range than those with a lower fibre intake. They suggest 
that a low fibre intake may lead either to a hyperactive 
bowel, resulting in rapid transit times, or to a 
hypoactive bowel, with corresponding slow transit times.
This may suggest a mechanism by which the low fibre 
intakes reported previously result in the disordered bowel 
function of the IBS.
Hillman et al disputed this, as they could
demonstrate no difference in fibre intakes between normal
controls and IBS patients, and they suggest that there may
be a range for fibre requirements, with IBS patients 
requiring rather more than the average. This suggestion is 
not, however,borne out by clinical studies involving fibre 
supplementation in the IBS.
It may be that patients with the IBS simply handle 
food in a different manner to "normal” controls; the 
patients with constipation representing those who are 
super-efficient absorbers (Thornton et al 1985), leaving
little material for colonic breakdown.
This topic will be explored in the next chapter.
CHAPTER FIVE
IS THE ”FOOD INTOLERANCE" OF THE IRRITABLE BOWEL 
SYNDROME DUE TO CARBOHYDRATE MALABSORPTION ?
5•1.i n t r o d u c t i o n.
It has long been recognised (Chaudhury and Truelove 
1962) that some patients with IBS associate onset of their 
symptoms with eating certain foods. Alun-Jones et al 
(1983) have described food intolerance in their subjects. 
Exclusion studies are, however, difficult to control, and 
opinions remain divided as to the importance of food 
intolerance in the IBS. It was therefore decided to 
investigate the possibility of food intolerance in our 
patients.In this chapter,the following will be considered: 
a) Results of a survey of foods and associated symptoms 
conducted over a period of two years at Oldchurch 
Hospital, b) Results of a study to investigate absorptive 
capacity for one sugar (fructose).This was carried out 
because fruit was mentioned frequently as a cause of pain 
or diarrhoea ,and because patients with diarrhoea ate less 
fruit than any other group in the dietary study reported 
in Chapter 2. c) Results from a small series of individual
studies carried out on patients who associated symptoms 
with specific foods.
5.2.RESULTS .
5.2.1. 167 consecutive patients presenting to
our gastroenterology clinic were asked if they associated 
onset of their symptoms with any particular food. 72 
(43%) said that they did; 32 of these associated their 
symptoms with more than one food. The results are 
summarised in Table 17.
5.2.ii. Of the food complaints,80% were of fruits, 
vegetables, cereals, dairy products or sugary foods (eg. 
soft drinks,chocolate) and therefore contain significant 
amounts of carbohydrate and/or dietary fibre.
The remaining 20% of food complaints in this survey 
were of foods such as spicy, pickled, fried and fatty 
foods.
Cheese, pork, chocolate and red wine were all felt 
to be associated both with gut symptoms and other symptoms 
such as nausea or headache. Two patients associated nausea 
with oranges and sweets, and three associated headache 
with chocolate, brown bread and cheese respectively. Beer 
was also associated by 2 subjects with pain.
Tea or coffee was associated with diarrhoea by 7 
subjects.
None of the subjects in this present study had an 
allergic history.
5.3.LIMITATIONS IN ABSORPTIVE CAPACITY
Carbohydrate intolerance is becoming increasingly 
recognised as a source of gastrointestinal symptoms. 
Carbohydrate malabsorption (eg. of lactose) may produce 
diarrhoea, bloating and gas production and abdominal 
discomfort.
5.3.i. Choice of test carbohydrate
Fructose was chosen as the test sugar in this
experiment because of the observed low fruit intake in 
subjects with symptoms, which may be attributable to sugar 
intolerance.
Fructose is an important dietary carbohydrate,
ingested primarily as sucrose, although it is becoming an 
increasingly common commercial sweetener, particularly in 
soft drinks. By 1979, fructose accounted for over 14.5% of 
the total United States sweetener market (Baltimore 
Evening Sun)
5.3.i(a) Fructose absorption.
The major dietary monosaccharides (glucose, 
galactose, fructose) are absorbed more quickly than
predicted on the basis of passive diffusion.
Considerable research has been done on the
characteristics of the glucose-galactose transport system, 
and it is known to be a saturable carrier mediated active 
transport system, with the carrier located in the brush
border.
Less is known about the fructose carrier system, 
although it is thought to be absorbed by facilitated 
diffusion and the process is known to be saturable.
Holdsworth and Dawson (1964), using an intestinal 
perfusion technique, found fructose absorption to approach 
90% of the efficiency of glucose absorption. On this 
basis, Crane (1965) predicted an estimated total fructose 
absorptive capacity of over 4800 g/day.
Other studies, however, suggest that fructose 
absorption is the rate—limiting step in sucrose absorption 
(Gray and Ingelfinger, 1966), and Andersson and Nygren 
(1978) described 4 patients with symptoms associated with 
eating fruit, reproducible after ingestion of 100g 
fructose, and which resolved on a fructose-free diet.
Because of the observed low fruit intake in these 
patients, and in light of the increasing prevalence of 
fructose as a dietary component, I have investigated the 
threshold for fructose absorption in normal subjects and 
in patients with gastrointestinal symptoms.
5.3.ii.SUBJECTS AND METHODS.
Fourteen healthy volunteers with no history of 
gastrointestinal symptoms and no recent antibiotic use 
were studied. None were aware of any dietary intolerances.
Seven patients with symptoms suggestive of sugar 
intolerance (bloating, diarrhoea, gas production) were 
also studied.
Serial breath hydrogen testing was carried out as 
previously described.
5.3.ii(a). Lactulose testing .
All subjects were initially given a test meal of 
soup with 20g of lactulose to confirm the ability of their 
gut flora to produce hydrogen. All were able to generate 
hydrogen.
5.3.ii(b)Test solutions.
After an overnight fast, the subjects consumed, on 
separate days a series of mixtures of fructose and glucose 
in 250mls water on a single blind basis.
The fructose varied from Og to 50g, made up to a 
total of 50g sugar with glucose,normally completely 
absorbed in the upper jejunum. This was done in an attempt 
to eliminate the effects of differing solution 
osmolalities on gastric emptying and transit.
5.3.iii. RESULTS .
5.3.iii(a).No control subjects showed a breath hydrogen 
rise with 50g glucose solution, indicating complete 
absorption. One patient showed a breath hydrogen rise with 
50g glucose.
5.3.iii(b). As fructose concentrations increased, a 
breath hydrogen rise was seen in all individuals. Fig 6 
shows a typical response, with an absorptive threshold 
between 35g and 40g. The dose at which the first rise 
occurred indicated the individuals functional absorptive 
capacity for fructose had just been exceeded. Repeated
TABLE 17 .
FOODS ASSOCIATED WITH SYMPTOMS BY PATIENTS WITH THE
IRRITABLE BOWEL SYNDROME.
PREDOMINANT PRESENTING SYMPTOM
DIARRHOEA
FOOD GROUP
PAIN BLOATING or 
FLATULENCE
TOTALS % of
total
patients
males 2 9 0 11
FRUIT 59 29.2%
females 25 17 6 48
males 2 8 0 10
VEGETABLES 45 22.3%
females 15 1 3 7 35
males 1 1 0 2
CEREALS 10 4.9%
females 4 2 2 8
males 2 1 0 3
DAIRY PRODUCTS 1 4 6.9%
females 8 1 2 11
males 5 1 1 0 16
OTHERS 43 21.3%
females 10 12 5 27
males 17 19 3 39
NONE 83 41 .1%
females 12 29 3 44
males 0 1 0 1
ALL FOODS ! 3 1 .5%
females 0 1 1 2
NUMBER OF PATIENTS - 167
TOTAL COMPLAINTS - 257
Patients specifying: 2 food categories- 36
Patients specifying: 3 food categories- 8
Patients specifying: 4 food categories- 1
studies indicated *that this threshold dose was constant 
within individuals, but varied between individuals. The 
range of the threshold dose was between 20g and 80g. This 
was weakly related to body size, (fig 7 ,Table 18.)
Mouth to caecum transit time correlated 
weakly (p<0.05) (Fig 8) with absorptive threshold. In 
three individuals, intravenous hyoscine butylbromide(a 
smooth muscle relaxant acting on pelvic and abdominal 
organs) was given to temporarily inhibit gastrointestinal 
transit. A rise in threshold dose by at least lOg 
occurred, indicating an increase in fructose absorption 
with increased duration of small intestinal contact.
5.3.iv.CONCLUSION.
This study demonstrates that, contrary to 
previously reported investigations, there is a practical 
limit to fructose absorption. It also demonstrates that if 
gastrointestinal transit is inhibited,there is an increase 
in fructose absorption with increased duration of small 
intestinal contact.
5.4. STUDIES ON FOOD INTOLERANT PATIENTS.
The types of foods identified as responsible for 
symptoms of the IBS both in our series and in those 
reported by others were those containing fermentable 
carbohydrate (eg wheat, vegetables, fruit, milk). Bond 
and Levitt (1975) have suggested that malabsorbed 
carbohydrate may be a cause of abdominal symptoms. I have 
therefore investigated this possibility in a limited
number of patients.
Because of the time consuming nature of the 
procedure (the patients had to take a day off work for 
each test) and the discomfort experienced by the patient 
in a positive test, the trial was treated as a diagnostic 
exercise rather than as a scientific trial. Each patient 
was tested for lactose malabsorption but subsequent 
testing depended on suspicions gleaned from diet history 
and also from discussions with the patient at the time of 
testing.
5.4.i. SUBJECTS .
Eleven consecutive patients (2 Male and 9 female) 
diagnosed as irritable bowel sufferers in a 
gastroenterology clinic, who attributed their symptoms to 
certain foods, were asked to take part in this study. All 
of those approached participated.
5 .4. i i. METHODS .
All subjects were given a test meal of soup and 
lactulose (see chapter 2) to establish that their gut 
flora produced hydrogen and to establish mouth to caecum 
transit times.
Because of the reported prevalence of lactose 
intolerance, all subjects were next given a lactose 
tolerance test (50g lactose/250 ml water); method as 
previously described. There is 50g lactose in 
approximately 1.75 pints of milk, but it should be 
absorbed by a healthy subject.
In order to establish the next test meal or 
carbohydrate to be given, the subjects followed a simple 
exclusion diet (Appendix Id ). The food(s) identified by 
the subjects as responsible for their symptoms were used 
as a basis for the next test meal. All except two test 
foods (coffee and citrus fruits) were given blind to the 
subjects. It is difficult to find a flavour or test meal 
to mask the distinctive flavour of coffee and citrus 
fruits. This was, however, not felt to be a drawback, as 
an objective measure (breath hydrogen testing) was to be 
taken as well as a record of the subjects own awareness of 
abdominal symptoms. The subjects were not told whether or 
not a breath hydrogen rise had occurred.
5.4.i ii. RESULTS .
The results are tabulated in table 19. All subjects 
were "hydrogen producers" on testing with lactulose. Mean 
mouth to caecum transit time was 49 minutes.
5 .4.iii(a).Lactose malabsorption .
5 out of 11 subjects had a breath hydrogen rise 
with 50g lactose, indicative of lactose malabsorption. All 
were subsequently placed in a lactose free diet. 2 
improved considerably on their own subjective assessment 
of their own symptoms and did not proceed further with the 
trial. The 3 remaining subjects had no improvement in 
their symptoms with a lactose free diet, and proceeded 
with further testing to attempt to identify a carbohydrate 
which might be reponsible for their symptoms.
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Figure 6
2 subjects (V.E. and E.S.) were tested with 25g 
galactose and 25g glucose in 250ml water; they both had a 
breath hydrogen rise with this solution indicative of 
malabsorption and thus suggesting that they were not 
merely "lactase deficient” patients, (which would produce 
lactose malabsorption but no malabsorption of lactose 
degredation products, namely galactose and glucose), but 
that there was another cause for their malabsorption of 
lactose. They also experienced a severe exacerbation of 
their symptoms with this test.
5.4.iii(b) E.S. also had a rise when tested with 50g 
glucose in 250ml water, and both VE and ES malabsorbed a 
test dose of 50g sucrose (approximately the amount to be 
found in a 275 ml rof lemonade).
5.4.iii(c) VE had a fructose absorption threshold of 35g 
and ES a threshold of 25g (see chapter 4 part 4), (average 
in the normal population is 35g)
Interestingly these subjects had the fastest mouth 
to caecum transit times of all subjects (VE: 20 mins, ES: 
10 mins). In summary these two patients were demonstrated 
to malabsorb lactose,glucose, galactose, and sucrose, but 
their fructose absorption thresholds were near normal. 
5.4.iv. Lactose absorbers .
The remainder of the subjects absorbed 50g lactose. 
After following an exclusion diet, sucrose, fruits, wheat 
and coffee were identified as responsible for symptoms.
Each subject was tested with an appropriate
TABLE 18
FRUCTOSE ABSORPTION LIMIT THRESHOLD,
MOUTH TO CAECUM TRANSIT TIME AND SURFACE AREA (CONTROL 
GROUP).
Fructose Surface
Subject Threshold Mouth- Area Height Weight
/g caecum /m2 /cm /kg
transit 
time/m
1 . DT 35 42 2.42 183 75.5
2. EW 30 40 1 .80 154 60.0
3. RN 30 ,— 1 .76 152 50.9
4. RM 30 54 2.45 184 80.1
5. NR 30 — 2.24 175 70.0
6. CP 30 — 2.29 177 72.2
7. SF 30 — 2.49 186 75.1
8. NH 30 70 1 .84 156 44.5
9. OF 80 80 2.57 189 77.2
10 .SW 80 97 2.65 193 78.4
11 ,.JOB 40 80 2.51 187 86.0
12,.JF 35 65 2.47 185 89.0
13,.GS 35 85 2.47 185 90.0
14..CH 30 — 1 .84 156 56.0
Mean 38. 9 68.1 2.27 175.8 71 .63
SD 17. 66 19.64 0.31 14.71
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amount of the relevant foodstuff. This was usually based 
on the normal quantity consumed in one mealtime, based on 
the subjects dietary diary. The exception to this was 
sucrose; 50g in 250ml water was given as this was a 
standard dose for sugar tolerance tests.
5.4.iv(a). Sucrose .
The two subjects who identified sucrose (in the 
form of sweet drinks,etc.) as responsible for symptoms 
both had a breath hydrogen rise with the test dose. 
5.4.iv(b). Fruit .
The subject who complained of exacerbation with 
fruit ingestion had a breath hydrogen rise initially with 
20g fructose. She was then openly challenged on three 
separate occasions with 150g of orange flesh, and again 
she showed a breath hydrogen rise.
It was felt that this may have been due to 
fermentable fibre in the fruit, so she was then given two 
separate test meals; one a "fruit cocktail” of grapefruit 
juice and pineapple juice, and one a similar mixture but 
with orange juice replacing the pineapple. This was an 
attempt at "blind” testing, and total carbohydrate and 
energy content of the two drinks was similar in both 
drinks.
However, the subject showed a breath hydrogen rise 
with both test meals. She has subsequently improved 
symptomatically on a low fructose diet.
5.4.iv(c) Wheat .
Two subjects identified wheat. They were given 
three separate test meals. 1. Wheat free soup alone 
2. Wheat free soup + 30g wheat starch 3. Wheat free soup 
+ 30g corn starch
The test dose of starch was chosen because it 
approximated to the amount found in two 30g slices of 
bread, the amount usually consumed by both subjects at a 
typical mealtime.
Neither showed any response to soup alone or 
soup+corn starch. One (SB) had a breath hydrogen rise with 
wheat starch, the other, despite continuing to take breath 
samples for 7 hours (his mouth to caecum transit time on 
lactulose testing was 45 minutes) showed no rise.
Subjectively, SB’s symptoms improved on a 
wheat free diet, but she now finds that she can tolerate 
small quantities of wheat, and has no need to avoid it 
completely.
5.4.iv(d) Coffee .
Although coffee appears to be an unlikely source of 
carbohydrate, it is 40% complex carbohydrate 
(manufacturers information). An average teaspoonful 
contains approximately 1.5-2.0 g carbohydrate.
WD, the subject who complained of symptoms with coffee, 
was openly challenged with coffee in three different test 
meals; 1. coffee alone (4g in 250 mis water) 2. coffee 
with milk and sugar (4g coffee, lOg sugar, 250ml water and 
30ml milk) 3. black coffee with sugar alone (4g coffee,
TABLE 19
MALABSORPTION STUDIES
TEST SOLUTIONS - LACTOSE 50g in 200mls water
GALACTOSE 50g " "
SUCROSE 50g " "
GLUCOSE 50g " 11
GLUCOSE 25g and GALACTOSE 25g " "
FRUCTOSE INCREASING DOSES " "
yes = RISE IN BREATH HYDROGEN
no = NO RISE IN BREATH HYDROGEN
MCTT= MOUTH TO CAECUM TRANSIT TIME /mins
MCTT LACT. GAL. SUCR. GLUC. GLUC FRUC. MISC
/GAL.
VE 20 yes yes yes yes - 35g
ES <10 yes yes yes yes 25g
JJ 90 yes no no - - Orange Juice.
200 g, no
PM 50 yes --Improved on lactose free diet.
MN 60 yes --Improved on lactose free diet.
JT 60 no yes - -
PB 25 no - - - - <20g Grapefruit/
pineapple, yes 
and Orange,yes
GR 120 no - yes 25g -
SB 20 no - _  _  _ — Wheat Starch,
yes.
CC 45 no - - - - Soup, no
Corn, no
Wheat, no
WD 40 no - - - - Coffee, yes
lOg sugar, 250ml water)
Each was given on two separate occasions. The last 
test meal was the form in which WD usually took his 
coffee.
WD showed a breath hydrogen rise with meals 1 
and 3 but not with meal 2 (in all cases reproducible on 
repeat testing).
5.5. DISCUSSION.
5.5.i. The survey (Part 1) gives a figure of 43% of IBS 
patients associating symptom exacerbation with specific 
foods. Chaudhury and Truelove (1962) obtained a figure 
of 41.5% in a similar survey.
The particular foods occurring most often in this survey 
seemed to be foods high in carbohydrate and/or dietary 
fibre. They correspond quite closely to those found by 
Alun-Jones et al to cause gastrointestinal symptoms in 
irritable bowel syndrome patients (viz. wheat, banana, 
corn, potato).
Anderson et al (1981) demonstrated that a low 
extraction all-purpose wheat flour was incompletely 
absorbed but a low gluten wheat flour was absorbed. The 
"malabsorbed" fraction was fermented by the gut flora in 
the caecal area and Levitt (1983) concluded that 
"malabsorption” of starch is a normal phenomenon.
In one study, onset of right iliac fossa pain was 
associated with entry of a meal into the caecum (Cann ert
al, 1983), and a concomitant increase in breath hydrogen; 
these authors postulate the presence of a caecal "trigger 
zone". This may be due, they suggested to an effect of 
fermentation of ileal food residues.
The foods mentioned by patients may be malabsorbed 
and fermented. Individuals handle foods differently. It 
may be that these patients are "intolerant" to a specific
foodstuff only in that they represent one end of the
normal spectrum. This would also explain why some
patients with irritable bowel syndrome seem to be helped 
by reduction or exclusion of dietary gluten, without any 
evidence of gluten sensitive enteropathy (Cooper et 
al,1980).
In a community survey of food intolerance (Burr
and Merrett 1983), 23% of normal subjects had food related 
symptoms. 79.5% of the food complaints (that is 70 out of 
88) in that survey could be classified as "high
carbohydrate" foods. This correlates well with our results 
in IBS patients.
The remaining 20% of food complaints in the
present study were of foods such as spicy, pickled, fried
and fatty foods. The mechanisms for these foods causing 
symptoms may well be many and varied (eg. gastric
irritation, problems with the bile system), but
anecdotally it is common knowledge that anyone eating
these types of foods exposes themselves to the risk of
indigestion.
Cheese, pork, chocolate and red wine were all felt 
to be associated both with gut symptoms and other symptoms 
such as nausea or headache. Lessof (1980) has suggested 
that this might be due to the histamine or other amines 
contained in these foods.
In a survey of university staff, Bender and 
Matthews (1981) reported alcohol as a cause of symptoms in 
a large number of subjects. This may be because because 
university staff drink a wider variety or larger volume of 
alcoholic drinks than the rest of the population; red wine 
was noted by 13 of their subjects and only 2 of the 
subjects in this study. It may be that this is due to the 
differing life styles of academic staff versus the Romford 
population than to the intrinsic irritative qualities of 
red wine). Beer was also associated by 2 of this 
study’s subjects with pain.
Tea or coffee were associated with diarrhoea by 7 
subjects. The joint report of the Royal College of 
Physicians and the British Nutrition Foundation on food 
intolerance (1984) has suggested that symptoms related to 
tea or coffee may be a pharmacological effect of caffeine 
or its derivatives.
None of the subjects in the present study, in 
common with those of Burr and Merrett, and Bender and 
Matthews, had an allergic history.
5.5.ii. The study detailed in Part 2 of this chapter 
demonstrates that, contrary to previously reported
investigations, there is a practical limit to fructose 
absorption. Fructose malabsorption may play a role in
the aetiology of symptoms (such as bloating, pain and 
diarrhoea) in certain individuals. This was recognised 
both by Andersson and Nygren in their small series of 
patients, and by Cooper (1980) while advocating a high 
fructose weight reduction diet.
The quantity of fructose in foods varies, but fruit 
and soft drinks are the major contributors of free 
fructose. Dried figs, dates, prunes and grapes contain the 
highest concentrations of fructose ( 30.9, 23.9, 15.0,8.0, 
g fructose per lOOg respectively). All are anecdotally 
said to lead to gut symptoms in susceptible individuals.
So this study demonstrates that the absorptive 
capacity of the small intestine for fructose is more 
limited than had previously been thought, and this may 
have implications for patients with functional diarrhoea.
5.5.iii. The experiments reported in Part 3 of this 
chapter used a group that was small, self selected and not 
controlled and the testing was selective rather than 
comprehensive for reasons previously explained. However 
the results are interesting in that they demonstrate the 
potential of the technique and suggest avenues for further 
research, and in certain cases the results were of 
definite therapeutic benefit.
The previously reported prevalence of lactose 
intolerance as measured by reduced jejunal lactase
activity and flat lactose tolerance curves (from repeated 
blood samples) in the irritable bowel syndrome was 48% 
(Weser 1965) The results of this trial give a similar 
proportion (5/11, or 45%). The reported incidence of 
lactose intolerance in Caucasian British adults is 4.7% 
(Ferguson 1984); Thus patients with the irritable bowel 
syndrome would appear to have more lactase insufficiency.
However, 2 out of 5 subjects also malabsorbed a 
glucose/galactose mixture, suggesting that the limiting 
step for them in lactose absorption was not lactase 
insufficiency. It may, in these cases have been related to 
the rate of passage of materials through the small 
intestine (rapid passage limits absorption by reducing 
epithelial contact time, Holgate and Read 1982).
Ladas et al, (1982) have suggested that symptom
production in lactose malabsorbers may be brought about by 
the rapid passage of malabsorbed lactose. This may explain 
why some lactose malabsorbers do not have any symptoms 
despite abnormal tolerance tests; malabsorbed sugar 
entering the caecum slowly may not be fermented as rapidly 
as a bolus entering rapidly.
One of these subjects also malabsorbed 50g glucose 
and two of them 50g sucrose. This would seem to suggest 
that this rapid transit also influences the absorption of 
other sugars; this will be discussed later.
5.5.iv. There have been conflicting reports in the 
literature as to sucrose malabsorption. Bond et al
(1980) reported that 2-4% of a 50g dose of sucrose is 
malabsorbed in the small bowel in normal subjects. 4% of a 
50g dose would give a breath hydrogen rise.
However Metz et al (1976) actually used the 
breath hydrogen technique and reported no rise in normals 
with 50g, but a definite rise in 2 patients with proven 
hyposucrasia. In the present trial 2 patients who
claimed to be intolerant of sugar both had a breath 
hydrogen rise but in the absence of controls this is not a 
very meaningful result.
5.5.V. Bond and Levitt (1980) reported that lOOg wheat 
starch was malabsorbed by virtually all normal subjects 
while gluten free flour and rice flour were completely 
absorbed. This suggests that both the carbohydrate source 
and other factors present in the food (eg. gluten) 
influence absorption.
This present study used only 30g of wheat starch 
and in one case demonstrated definite malabsorption 
whereas in the other case no malabsorption was 
demonstrated and the patient subsequently started to eat 
small quantities of wheat products thus confirming the 
observation.
5.5.vi. The one fruit intolerant patient in this group 
showed a significantly lower fructose threshold than all 
the other subjects. She also showed a breath hydrogen rise 
with average helpings of fruit juice. These results are 
suggestive of an abnormality of fructose handling being
reponsible for her symptoms. 5.5.vii. In summary, these 
studies support the thesis that food allergy is unlikely 
to be a causative factor in the majority of cases of food 
intolerance, and furthermore that carbohydrate mishandling 
might well be significant in many cases.
CHAPTER SIX
DISCUSSION
6.1. One of the main problems facing anyone attempting 
research on the IBS is the difference in the patients1 
complaints. The disease cannot, as yet, be subdivided on 
the basis of its pathology, so attempts to classify it 
have relied heavily on the patients’ symptoms. The four 
groups suggested in this thesis (constipation, diarrhoea, 
pain with disturbed bowel habit, and pain with bloating) 
all appeared to have a disparate symptomatology.
The patients might also have differing food habits, 
possibly related to their pathophysiology. In retrospect, 
splitting the groups in this way may have been inaccurate; 
while patients with predominantly constipation or 
diarrhoea could be clearly identified,there was
considerable overlap for patients with pain and disturbed 
bowel habit or pain and bloating.
The classification had been intended to
differentiate patients with disturbed bowel habit from
those with bloating possibly due to excess gas
production. If different dietary habits were responsible 
for the IBS, these diferent groups might have reflected
this. The two "pain” groups in fact had very similar 
dietary habits both to each other and to the control 
group.
The sub-classification of patients with 
constipation or diarrhoea did demonstrate dietary 
differences particularly in fibre intakes , often 
paralleled by differences in energy intake . In this 
respect, this study has been more succesful than those 
previously reported which did not show any dietary 
differences between patients with the IBS and control 
groups. It is suggested that the failure of other studies 
was due to the lack of sub-division of patient groups and 
to the use of retrospective methods of dietary assessment. 
The success of this study indicates the superiority of the 
prospective method and it is suggested that in future 
studies a prospective method should be used.
The computerised analysis of fibre intake reported 
in Chapter 3 provides a means for doing this quickly and 
accurately . It is useful for the clinician who wants to 
determine his patients1 fibre intake and to monitor any 
dietary changes he may advise.
6.2 VARIABILITY IN WHOLE GUT TRANSIT TIME
Given the subjective component inherent in the 
patientfs description of him/herself as being either 
constipated or suffering from diarrhoea, there is still 
profound ignorance as to the range of normal bowel habit.
It is known, however, that within the normal 
population there is enormous variation in bowel habit, 
both between and within individuals. The variation may be
due to changes in the subject’s diet, and in particular
day to day variation in dietary fibre intake, or to 
changes in the subject’s emotional or menstrual status.
Information about bowel behaviour in the IBS is
also extremely sparse (Read et al, 1980). In this
series, although group differences were found, almost all 
of the results from individuals fell within the normal 
range . The low stool weights found even in those 
complaining of diarrhoea are of particular interest. The 
exception to this were the clear differences demonstrated 
in stool form between different groups in the IBS, 
assessed on the linear scale devised by Davies et 
al/1985).
6.3 VARIABILITY IN MOUTH TO CAECUM TRANSIT TIME
Another parameter of gut function found to vary
between the patients and controls was mouth to caecum 
transit time. Patients with diarrhoea had a significantly 
faster transit through the small intestine than controls 
or the other symptom groups . This may be important in the 
development of diarrhoea, if unabsorbed food residues lead 
to an osmotic diarrhoea, and may be related to the 
association of symptoms with certain foods.Rapid small 
intestinal transit is one possible reason for
"malabsorption"; overstepping the functional capacity for 
absorption of a nutrient is another. This thesis describes 
the limits for absorption of one simple sugar (fructose). 
It is quite clear that in-vitro predictions of absorption 
give strikingly different results from in-vivo experiments 
and individual variability in absorptive capacity may be 
an important factor in the development of diarrhoea of 
unknown aetiology.
6.4.SUGGESTIONS FOR FURTHER RESEARCH
This study has investigated differences from
the normal population in bowel habits and dietary habits
of patients with the IBS . More work is needed to
establish how far IBS patients are from the norm.
Almost 30% of normal people have symptoms related 
to the IBS (Thompson, 1980 ; Drossman, 1982). Only by
investigating the bowel habits of these people as well as 
those who come to a gastroenterology clinic can we examine 
fully the diversity of complaints under the IBS umbrella . 
Studies on these two populations should attempt to control 
for as many as possible of the factors known to influence 
bowel habit.These include food intake , personality, and 
women’s menstrual cycle .
6.4.i.Food intake.
It is thought that fibre is the food component
exerting the most influence on gut function. A simple 
questionnaire such as that previously described could be 
used to assess fibre intake.
In addition , intake of different fibre fractions 
should be monitored. It may be that variability in the way 
people metabolise constituents of fibre accounts for 
symptoms in some individuals.
6.4.ii. Personality.
As discussed in the introduction,personality and 
mood influence gut function.All study participants could 
complete a standard self-administered psychometric test. 
In addition, participants could keep a simple daily
record of emotions or stresses.
6.4.iii. Menstrual cycle .
The introduction discussed variability in gut
symptoms in association with the menstrual cycle . This 
variability would be difficult to control for in a large 
scale study; ideally blood samples should be collected to 
monitor cyclical changes in sex hormones. However, a diary 
of menstruation patterns would enable a crude relationship 
to be drawn between bowel habit and the menstrual cycle.
6.4.iv. What to measure?
The variability in gut function for both the normal 
subjects and the IBS group should be measured by weighing 
the stools for several weeks. This is particularly
important for the patient group who have intermittent 
symptoms. Similarly, the passage time of radio-opaque
pellets should be repeatedly measured during the same 
period. This would not only establish the degree of 
variation in the normal subjects, but also the extent to 
which the patients with IBS deviate from the norm, and 
whether they do in fact swing from diarrhoea to 
constipation.
Another aspect of gut function which has received 
little attention is stool form. As previously 
described, this could be investigated on a larger scale 
than reported here using the scale described by Davies ejt 
al (1985). Variability in stool form reflects the water 
content of the stool , and this measurement may be 
important in those patients who complain of alternating 
bowel habit , since stool weight does not vary markedly 
between the groups.
6.5. THE ROLE OF FOOD INTOLERANCE IN THE IBS .
Over 40% of our patients associated specific foods 
with their symptoms. In the current climate of interest 
in food "allergies", care should be taken to ensure that 
patients’ diets are not unnecessarily restricted. However 
the process of elimination diets is tedious and difficult. 
The majority of patients categorised as food allergic do 
not have an immunological basis for a reaction to food, so 
any such reactions are more correctly described as food 
intolerance or idiosyncracy.
Hunter (1985) stated that in the his trial, 
patients complaining primarily of diarrhoea or pain 
showed the most improvement, while results were poor in 
patients with constipation. This may be a significant 
pointer to differing pathophysiological mechanisms in 
different subsets of the IBS . He suggested that 
gastrointestinal food intolerance may be due to an effect 
of the metabolism of food residues by caecal microflora. 
If this is the case, there are at least two variables 
which beg investigation. First, is the substrate reaching
the caecum abnormally, that is , is there any
"malabsorption", due for example to rapid small intestinal 
transit, lack of specific intestinal enzymes or 
overloading the absorptive capacity?
This thesis describes the limits for absorption of 
one simple sugar(fructose) and explores one possible limit 
on absorption (i.e.rapid small intestinal transit time). 
This line of research could be continued. Little is known 
about individual differences in capacity for carbohydrate 
absorption ; starch , sucrose , oats , navy beans ,
potatoes and different types of wheat flour have been
investigated but there are many other dietary 
carbohydrates still to be examined .
Secondly, differences in gut microflora and 
therefore differences in metabolic by-products may 
influence colonic efficiency as a salvage organ, resulting 
in large fluid volumes which are not then effectively
reabsorbed.
Both variables should be investigated in vivo; it is 
notoriously difficult in vitro to approximate the 
anaerobic conditions prevalent in the colon.
These studies should be performed on normal 
subjects as well as those with the IBS. Test foods used 
should be simple carbohydrates initially (eg sugars and 
starches), in order to draw up a range of absorptive 
capacities. The next obvious step is to test foods. 
Unfortunately this is much more complicated because foods 
are complex mixtures and are rarely eaten in isolation. 
Standardised test meals are one way of getting around this 
problem, but the need for an exhaustive test procedure is 
inescapable.
The colonic microflora or the products of 
bacterial metabolism should be quantified. The latter 
probably exert a direct effect on the gut, and changes in 
metabolic end products, including gaseous products, could 
be monitored by methods such as gas liquid chromatography 
or enzymic assay.
6.6 CONCLUSION
These experiments, however carefully performed, 
would only give a superficial understanding of some of the 
mechanisms involved in some of the variations of the IBS, 
and of necessity ignore the influence of the proximal gut, 
the patient’s psychology, or abnormal motor activity. They
may, however, help In understanding the underlying 
pathophysiology of some of the subgroups. An ability to 
subclassify and to predict probable responses to dietary 
manipulation would be of enormous benefit to the clinician 
grappling with the condition in a busy outpatient clinic.
Medical history is full of examples of disease 
processes thought initially to be simple and 
unifactorial. Often these have subsequently been found to 
be several diseases presenting in a similar manner. 
Perhaps the IBS will prove to be one more example of this.
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THE OLDCHURCH HOSPITAL DIETARY STUDY 
(Part Two)
How to complete your dietary record chart.
Please fill in everything you eat or drink for one week; 
it's easiest if you complete the form at the time of eating.
Use household measures; for example - "1 slice of white bread, 
(large, thin-sliced loaf)", "2 tablespoons of mashed potato",
"3 tablespoons of cornflakes".
If you're eating a made up dish, such as stew, a short description 
would be very helpful.
Please try to eat normally, and don't let this dietary record 
change your eating habits or inhibit your social life!
Thank you very much for helping us with this research; we hope 
that it may improve our understanding of dietary fibre in our 
foods and its effect on our health.
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APPENDIX 1b
Standard portion sizes of commonly eaten foods. 
CEREALS weight(g)
.Bread.
White,brown,wholemeal: 
slice from large cut loaf 
or small uncut loaf.
White,brown,wholemeal: 
slice from lge uncut loaf 
White,brown or wholemeal: 
slice from small cut loaf 
Bread roll 
Pitta bread
Chappati,tea plate sized 
Biscuits
Semi-sweet eg Rich tea,Marie 5
Digestive,plain or chocolate 18
Cream cracker,water biscuit 7
Crispbread eg Ryvita 12
Breakfast cereals(per tablespoon)
30
40
25
55
95
75
Cornflakes,branflakes,wheatflakes 1 0
Allbran,branbuds 15
Porridge(made up) 20
Weetabix,per biscuit 20
Shredded Wheat,per biscuit 25
muesli 20
Natural bran 5
Desserts(average helping)
Milk pudding,custard 120
Fruit pie,crumble 150
Sponge pudding 95
Ice cream, jelly 60
Cakes
Sponge cake,average slice 45
Christmas cake,mince pie 55
Miscellaneous cereal products
Quiche,average slice 140
Pizza,average slice 180
Meat and meat products
Roast/sliced meat,ave slice 60
Casserole,stew,curry,ave helping 200
Meat pie,ave helping 250
Sausage, grilled/fried 60
Beefburger, grilled/fried 75
Pate 45
Fish
White fish,ave fillet fried 175
Fish finger,fried/grilled 35
Vegetables(per tablespoon)
Green/root vegetables 35
Baked beans,peas 25
Sweetcorn 20
Mixed vegetables 40
Potatoes,boiled/roast,egg sized 60
Chips 25
Jacket potato,medium 150
Crisps,per packet 25
Fruit
Apple,pear,small banana 
Orange,medium 
Tangerine/satsuma
100
150
60
Melon, eighth of an average 150
Apple,stewed per tbsp 35
Tinned fruit,per ave serving+syrup 150
Dairy products
Milk,per glass 200
Milk in beverage 30
Cheese as sandwich filling 75
Cheese portion 15
Butter/margarine on 1 slice bread 10
Eggs
Ave,boiled,fried or poached 60
Confectionery ,sugar products
Chocolate,small bar 50
Mars bar 55
Mints,per pkt 45
Peanuts,small pkt 40
Sugar,per tsp 5
Jam/marmalade on 1 slice bread 15
APPENDIX 1b
Fibre sources in commonly eaten mixed fibre foods.
Food Average
portion(g)
Cereal 
content(g)
Vegetable Fruit 
content(g) content(g)
Fruit cake
home made 90
(6 samples)
Branded product 75 
(4 samples,3 brands)
Eccles cake 
White flour 43
(4 samples, 2 brands) 
Wholemeal flour 97
(5 samples, 1 brand)
Bread Pudding 
Whole recipe 855
per portion 143
Fruit biscuits 
Fruit shortcake 1 2
(10 samples, 3 brands)
Fig roll 15
(12 samples, 2 brands) 
Mincemeat pies 
White flour 47.5
(12 samples, 4 brands) 
Wholemeal flour 53
(4 samples, 1 brand) 
Homemade,4 75
samples
Muesli/1OOg
Fruit crumble 150 
(home made, 6 samples)
Fruit pies
Individual, 2 49.5
crust( 8 samples, 3 brands)
Fruit pies
crust per pie 350
(3 samples,3 brands)
Meat and veg. 175 
pasties
(6 samples, 4 brands)
72
63
25
53
225
37.5
10
9
31 .5 
38 
50
62
30
32
205
60
18
12
18
44
175
29
2
6
16
15
25
32
(nuts 6) 
90
17.5
145
58
Meat and veg. 155
pies, individual
2-crust.(4 samples, 3 brands)
70 35
FILLING IN THE FOOD RECORD CHART
Please weigh everything consumed at home or prepared at home 
and consumed elsewhere (e.g. packed lunch)*
Please remember second helpings and left overs.
It's easiest if you "zero" the scales and weigh foods in­
dividually.
Please write down the prepared weights of all foods to be 
cooked. An example is included with the blank recipe sheet. 
When serving the dish, record the weight of your own portion 
on the food record chart.
Record restaurant and canteen meals in as much detail as 
possible, in the small book provided.
TEA AND COFFEE
Please record at the beginning of the week the amount of 
sugar and milk you usually have in each cup. For the rest 
of the week, you can then record each cup of tea or coffee 
you have, without noting milk and sugar.
Remember that most foods contain more than one ingredient., 
For example ....
a sandwich is 3 foods
Fillii is it wholemeal
Describe food wherever possible - for example one Sainsbury's 
custard cream.
RECIPES
Butter or margarine
brown or white
If you are recording both the simple questionnaire and the 
weighed record at the same time, please fill in the questionnaire 
before you weigh your food.
Butter, margarine, sweet and savory spreads should be recorded 
according to the number of slices of bread or biscuits on which 
they are spread. There is an example to help you fill in yo.ur 
chart.
Please eat normally!
Thank you.
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This diet excludes all those foods which are most likely to cause food 
intolerence.
Foods eaten should be fresh or frozen* Tinned and packet foods are 
not allowed as food additives should be avoided*
The diet must be followed for at least 2 weeks.
NOT ALLOWED ALLOWED
Meat Preserved meats, bacon All other meats
sausages.
Fish Smoked fish 
Shell fish
White fish
Vegetables Potatoes
Onions
Tomatoes
All other vegetables/salad 
pulses, peas, beans, lentils
Fruit Citrus fruit e.g. 
oranges, grapefruit 
bananas
All other fruit e.g. 
apples, pears.
Cereals Wheat e.g. bread, cakes 
biscuits, pasta, noodles, 
semolina, breakfast 
cereals, e.g. Weetabix, 
Shredded Wheat.
Rye e.g. crispbreads
Oats
Barley
Corn e.g. cornflakes, 
tinned food, gravy 
browning 
custard powder
Rice, ground rice, rice 
flour.
Rice Krispies
tapioca
sago
Millet ) available from a 
Buckwheat ) health food shop
Rice cakes
Cooking
Oils. Corn oil, vegetable oil Sunflower oil, safflower oil 
Soya oil, olive oil.
Dairy
Products Cow’s milk (including Goat’s milk (Health food shop)
dried milk, e.g. Marvel) Soya milk (Health food shop and
chemist)
Cont * d
EXCLUSION DIET cont'd...
NOT ALLOWED ALLOWED
Butter
Margarine - see allowed 
list
Yoghurt
Cheese
Eggs
Tomor margarine (Kosher 
margarine - available from 
some supermarkets and health 
food shops.)
Goats milk yoghurt and cheese
Beverages Tea
Coffee - beans, instant
and decaffeinated 
Fruit squashes 
Orange juice 
Grapefruit juice 
Alcohol
Herbal teas, e.g. 
camomile
Fresh fruit juices e.g. 
apple, pineapple.
Miscellaneous Chocolate, yeast Sea salt
Marmite herbs
yeast extract spices - in moderation
preservatives
nuts
sugar
honey
Sample Menu 
Breakfast
Lunch
Supper
N.B.
Buckwheat porridge (made by adding dried fruit to cooked
buckwheat)
or
Rice Krispies and goat's or soya milk 
Apple juice
Sago crispbreads, Tomor margarine
Meat/fish
Rice
Vegetables/salad
Fruit or milk pudding, using goat's or soya milk
Meat/fish
Millet
Vegetables/salad
Fruit or goat's milk yogurt.
Biscuits, pastry, crumbles etc. can be made using rice 
flour sago flour and soya flour. These flours are available 
from Health food shops.
EXCLUSION DIET cont'd
REINTRODUCTION OF FOODS.
When symptoms have cleared foods may be introduced in the following 
order.
Each food should be tested for 2 days. If your symptoms do not 
return you can assume that the food you ate was safe and go on to add 
another food. If they did return the new food was probably responsible 
and should be left out of the diet from now on.
Once a food has been tested and found satisfactory it can be 
included in any subsequent meal.
If a reaction occurs it will usually last for 2 to 3 days, but may 
go on longer. During this time it is impossible to assess other foods 
accurately, therefore stick to foods already known to be safe. Do not 
introduce new foods until you are well again. A mixture of 2 teaspoons 
sodium bicarbonate in J pint of water will help to reduce the duration 
of the reaction. A diary must be kept of foods eaten with records kept 
of any symptoms occurring in any part of the day.
Potatoes
Milk
Yeast - take 3 brewers yeast tablets or 2 tsp. bakers yeast in water.
Tea
Rye, test Ryvita, rye bread (check this is not a mixture of wheat and rye.
Only test bread if yeast was negative.)
Butter - pale coloured
Onions
Eggs
Oats
Coffee - test coffee beans and instant coffee
Chocolate - test plain milk free chocolate e.g. Sainsbury's plain chocolate 
Barley
Citrus fruits - test oranges. If these are tolerated, other citrus fruits
are usually tolerated too.
Corn - test cornflour or corn on the cob.
Cheese 
White wine 
Shell fish 
Yogurt
Wheat - test as wholemeal bread - either home made or from a health food shop. 
Nuts
Preservatives e.g. fruit squashes, tinned foods, sausages, smoked fish etc.
APPENDIX 2a ENERGY INTAKE
7 DRY DIARY keal/day 
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APPENDIX 2b 
7 DRY DIARY kcal/day
PROTEIN INTAKE
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NEIGHED INTAKE kcal/day
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APPENDIX 2c 
7 DAY DIARY kcal/day 
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APPENDIX 2e TOTfiL FIBRE IHTRKE
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18 1
|
is  i
I
i
14 i
| +
12 
18
VEGETABLE FIBRE INTAKE
t
MEIGHED IHTRKE kcal/day 
18 12 14 16 18
APPENDIX 2h FRUIT FIBRE INTAKE
7 DAY DIARY kcal/day 
9 j
1
8
NEIGHED INTAKE kcal/day
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APPENDIX 2i LACTOSE INTAKE
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APPENDIX 2k 
? DAY DIARY kcal/day
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STARCH AND DEXTROSE INTAKE
4-
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NEIGHED IHiAKE kcal/day
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INSTRUCTIONS FOR STOOL COLLECTION AND FOOD WEIGHING
Start weighing your food on....... ..............
Start the stool frequency and form diary  .......
Take the contents of bottle Ion ...............
Take bottle 2 on ..............
Take bottle 3 on ..............
Take bottle  ^on ..............
Take bottle 5 on ..............
Collect the first stool passed
Seal the bag carefully. Place in polythene box and deliver 
to Ward A2, Oldchurch Hospital, together with the food diary 
and stools frequency chart.
Time sample taken ............ ........
Do not use enemas or laxatives while taking the markers.
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CONTROL GROUP
INTAKE OF MAJOR NUTRIENT GROUPS N=61 MALES 14 FEMALES
MEAN SD %ENERGY
INTAKE
TOTAL ENERGY INTAKE ALL 2113.20 764.04
(Kcal/day) MALE 2846.14 1 318.05
FEMALE 1894.87 886.37
PROTEIN ALL 81 .10 28.54 15.35
( g/day ) MALE 108.09 50.11 15.19
FEMALE 73.06 33.81 15.42
CARBOHYDRATE ALL 203.50 60.48 38.52
( g/day ) MALE 244.04 110.77 34.30
FEMALE 191.43 90.47 40.41
FAT ALL 104.97 43.79 44.71
( g/day ) MALE 141 .71 68.13 44.81
FEMALE 94.03 45.46 44.66
TOTAL DIETARY FIBRE ALL 1 9.03 5.58
( g/day ) MALE 21 .28 9.89
FEMALE 18.36 9.27
CEREAL FIBRE ALL 8.33 3.48
( g/day ) MALE 8.65 4.16
FEMALE 8.24 4.51
VEGETABLE FIBRE ALL 7.96 4.00
( g/day ) MALE 10.18 4.83
FEMALE 7.30 4.40
FRUIT FIBRE ALL 2.50 1 .95
( g/day ) MALE 2.11 1 .23
FEMALE 2.61 2.06
NON-CELL.POLYSACC. ALL 12.04 3.93
( g/day ) MALE 12.60 5.79
FEMALE 11 .87 5.98
CELLULOSE ALL 4.12 1 .40
( g/day ) MALE 4.43 2.07
FEMALE 4.02 2.02
LIGNIN ALL 1 .23 0.71
( g/day ) MALE 1 .23 0.68
FEMALE 1 .23 0.76
SUGARS ALL 58.00 24.19 10.98
( g/day ) MALE 66.23 30.50 9.31
FEMALE 55.55 31 .26 11 .73
LACTOSE ALL 10.89 5.37 2.06
( g/day ) MALE 10.26 4.86 1 .44
FEMALE 11 .08 6.79 2.34
STARCH ALL 106.50 42.97 20.16
( g/day ) MALE 135.04 66.01 18.98
FEMALE 98.00 47.41 20.69
APPENDIX 4b
IRRITABLE BOWEL PATIENTS WITH CONSTIPATION
INTAKE OF MAJOR NUTRIENT GROUPS N=31 MALES 3 FEMALES 28
MEAN SD %ENERGY
INTAKE
TOTAL ENERGY INTAKE ALL 1687.97 521.78
(Kcal/day) MALE 2028.33 643.20
FEMALE 1651.50 680.94
PROTEIN ALL 62.20 14.88 14.74
( g/day ) MALE 72.93 22.43 14.38
FEMALE 61 .05 22.86 14.79
CARBOHYDRATE ALL 186.89 72.55 44.29
( g/day ) MALE 203.00 65.67 40.03
FEMALE 185.17 87.99 44.85
FAT ALL 80.34 30.02 42.84
( g/day ) MALE 102.43 32.76 45.45
FEMALE 77.97 35.65 42.49
TOTAL DIETARY FIBRE ALL 13.54 4.88
( g/day ) MALE 13.20 4.18
FEMALE 13.57 6.22
CEREAL FIBRE ALL 5.65 3.27
( g/day ) MALE 4.77 1 .62
FEMALE 5.74 3.61
VEGETABLE FIBRE ALL 5.69 2.90
( g/day ) MALE 7.10 2.24
FEMALE 5.54 3.23
FRUIT FIBRE ALL 2.06 1 .84
( g/day ) MALE 1 .30 0.50
FEMALE 2.14 1 .91
NON-CELL.POLYSACC. ALL 8.87 3.19
( g/day ) MALE 9.78 3.06
FEMALE 8.77 4.04
CELLULOSE ALL 3.23 1.16
( g/day ) MALE 3.64 1 .13
FEMALE 3.18 1 .46
LIGNIN ALL 0.62 0.45
( g/day ) MALE 0.50 0.16
FEMALE 0.63 0.48
SUGARS ALL 64.27 43.92 15.23
( g/day ) MALE 67.73 22.69 13.36
FEMALE 63.90 46.86 15.48
LACTOSE ALL 10.08 7.10 2.39
( g/day ) MALE 8.57 2.90 1 .69
FEMALE 10.25 7.61 2.48
STARCH ALL 83.36 29.95 19.75
( g/day ) MALE 101 .80 32.86 20.08
FEMALE 81 .39 36.25 19.71
APPENDIX 4c
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
INTAKE OF MAJOR NUTRIENT GROUPS N=60 MALES 15 FEMALES
MEAN SD %ENERGY
INTAKE
TOTAL ENERGY INTAKE ALL 1957.58 596.40
(Kcal/day) MALE 2462.67 1114.80
FEMALE 1789.22 890.66
PROTEIN ALL 70.31 17.65 14.37
( g/day ) MALE 85.58 38.21 13.90
FEMALE 65.22 31 .31 14.58
CARBOHYDRATE ALL 200.28 73.61 40.92
( g/day ) MALE 254.71 118.26 41 .37
FEMALE 182.14 95.53 40.72
FAT ALL 98.05 31 .14 45.08
( g/day ) MALE 122.21 55.72 44.66
FEMALE 90.00 45.38 45.27
TOTAL DIETARY FIBRE ALL 13.33 5.00
( g/day ) MALE 16.60 7.60
FEMALE 12.25 6.69
CEREAL FIBRE ALL 5.90 3.38
( g/day ) MALE 7.31 3.43
FEMALE 5.43 3.85
VEGETABLE FIBRE ALL 6.35 2.86
( g/day ) MALE 8.39 4.00
FEMALE 5.66 3.21
FRUIT FIBRE ALL 0.78 0.97
( g/day ) MALE 0.73 0.54
FEMALE 0.79 0.94
NON-CELL.POLYSACC. ALL 9.48 3.48
( g/day ) MALE 11 .68 5.39
FEMALE 8.75 4.70
CELLULOSE ALL 3.46 1.10
( g/day ) MALE 4.41 2.00
FEMALE 3.15 1 .58
LIGNIN ALL 0.57 0.45
( g/day ) MALE 0.64 0.34
FEMALE 0.55 0.47
SUGARS ALL 68.30 40.43 13.96
( g/day ) MALE 88.60 44.72 14.39
FEMALE 61 .54 41 .40 13.76
LACTOSE ALL 10.84 7.78 2.22
( g/day ) MALE 13.71 7.68 2.23
FEMALE 9.89 7.29 2.21
STARCH ALL 98.52 36.35 20.13
( g/day ) MALE 129.33 58.58 21 .01
FEMALE 88.25 47.35 19.73
APPENDIX 4d
IRRITABLE BOWEL PATIENTS WITH PAIN AND BLOATING
INTAKE OF MAJOR NUTRIENT GROUPS N=53 MALES 19 FEMALES
MEAN SD %ENERGY
INTAKE
TOTAL ENERGY INTAKE ALL 2079.85 504.01
(Kcal/day) MALE 2451.47 1223.29
FEMALE 1872.18 953.50
PROTEIN ALL 74.25 18.92 14.28
( g/day ) MALE 87.27 44.09 14.24
FEMALE 66.98 33.98 14.31
CARBOHYDRATE ALL 220.52 56.16 42.41
( g/day ) MALE 260.72 130.04 42.54
FEMALE 198.05 102.23 42.31
FAT ALL 102.77 27.28 44.47
( g/day ) MALE 119.64 60.48 43.92
FEMALE 93.35 48.19 44.88
TOTAL DIETARY FIBRE ALL 14.05 4.53
( g/day ) MALE 15.72 8.08
FEMALE 13.11 7.20
CEREAL FIBRE ALL 6.45 2.77
( g/day ) MALE 7.49 3.92
FEMALE 5.86 3.59
VEGETABLE FIBRE ALL 5.91 2.16
( g/day ) MALE 6.52 3.45
FEMALE 5.56 3.12
FRUIT FIBRE ALL 1 .54 1 .53
( g/day ) MALE 1 .64 1 .19
FEMALE 1 .48 1 .44
NON-CELL.POLYSACC. ALL 10.17 3.20
( g/day ) MALE 11 .97 6.08
FEMALE 9.16 4.97
CELLULOSE ALL 3.72 1.19
( g/day ) MALE 4.43 2.27
FEMALE 3.32 1 .78
LIGNIN ALL 0.63 0.50
( g/day ) MALE 0.66 0.45
FEMALE 0.62 0.48
SUGARS ALL 75.40 28.60 14.50
( g/day ) MALE 86.63 46.68 14.13
FEMALE 69.12 38.02 14.77
LACTOSE ALL 11.93 5.59 2.29
( g/day ) MALE 11 .03 6.34 1 .80
FEMALE 12.43 7.44 2.65
STARCH ALL 104.12 34.15 20.03
( g/day ) MALE 129.22 65.51 21.08
FEMALE 90.10 48.29 19.25
APPENDIX 4e
IRRITABLE BOWEL PATIENTS WITH PAIN AND DISTURBED BOWEL HABIT
INTAKE OF MAJOR NUTRIENT GROUPS N=43 MALES 16 FEMALES 27
MEAN SD %ENERGY
INTAKE
TOTAL ENERGY INTAKE ALL 2188.44 585.54
(Kcal/day) MALE 2676.81 1346.08
FEMALE 1899.04 981.24
PROTEIN ALL 78.83 19.33 14.41
( g/day ) MALE 93.79 47.06 14.01
FEMALE 69.96 36.03 14.74
CARBOHYDRATE ALL 224.74 70.07 41 .08
( g/day ) MALE 267.39 137.03 39.96
FEMALE 199.47 107.92 42.01
FAT ALL 107.99 33.19 44.41
( g/day ) MALE 132.54 67.76 44.56
FEMALE 93.44 49.35 44.28
TOTAL DIETARY FIBRE ALL 15.00 4.96
( g/day ) MALE 17.41 9.13
FEMALE 13.57 7.37
CEREAL FIBRE ALL 6.98 3.67
( g/day ) MALE 8.87 5.17
FEMALE 5.85 3.40
VEGETABLE FIBRE ALL 6.34 2.29
( g/day ) MALE 6.85 3.67
FEMALE 6.04 3.40
FRUIT FIBRE ALL 1 .45 1 .24
( g/day ) MALE 1 .41 1 .01
FEMALE 1 .48 1 .22
NON-CELL.POLYSACC. ALL 10.33 3.25
( g/day ) MALE 12.05 6.24
FEMALE 9.30 5.03
CELLULOSE ALL 3.71 1 .01
( g/day ) MALE 4.12 2.11
FEMALE 3.46 1.85
LIGNIN ALL 0.78 0.58
( g/day ) MALE 0.90 0.66
FEMALE 0.71 0.45
SUGARS ALL 74.44 34.12 13.61
( g/day ) MALE 89.94 48.98 13.44
FEMALE 65.25 39.66 13.74
LACTOSE ALL 11.16 6.47 2.04
( g/day ) MALE 11 .35 6.28 1 .70
FEMALE 11 .05 7.90 2.33
STARCH ALL 109.00 39.57 19.92
( g/day ) MALE 129.07 67.91 19.29
FEMALE 97.10 54.32 20.45
APPENDIX 4f 
DIETARY SURVEY 
INTAKE OF MAJOR NUTRIENT GROUPS 
g/day (except ENERGY-Kcal/day) 
FOUR PATIENT GROUPS AND CONTROLS
CONTROLS CONST DIARR PAIN/BL PAIN/D]
NUMBER OF SUBJECTS 61 .0 31 .0 60.0 53.0 43.0
MALES 14.0 3.0 15.0 19.0 16.0
FEMALES 47.0 28.0 45.0 34.0 27.0
TOTAL ENERGY INTAKE 2113.2 1688.0 1957.6 2079.8 2188.4
MALES 2846.1 2028.3 2462.7 2451 .5 2676.8
FEMALES 1894.9 1651.5 1789.2 1872.2 1899.0
PROTEIN 81 .1 62.2 70.3 74.3 78.8
MALES 108.1 72.9 85.6 87.3 93.8
FEMALES 73.1 61.1 65.2 67.0 70.0
CARBOHYDRATE 203.5 186.9 200.3 220.5 224.7
MALES 244.0 203.0 254.7 260.7 267.4
FEMALES 1 91 .4 185.2 182.1 198.1 199.5
FAT 105.0 80.3 98.1 102.8 108.0
MALES 141 .7 102.4 122.2 119.6 1 32.5
FEMALES 94.0 78.0 90.0 93.3 93.4
TOTAL DIETARY FIBRE 19.0 13.5 13.3 14.0 15.0
MALES 21 .3 13.2 16.6 15.7 17.4
FEMALES 18.4 13.6 12.2 13.1 13.6
CEREAL FIBRE 8.3 5.6 5.9 6.4 7.0
MALES 8.6 4.8 7.3 7.5 8.9
FEMALES 8.2 5.7 5.4 5.9 5.9
VEGETABLE FIBRE 8.0 5.7 6.3 5.9 6.3
MALES 10.2 7.1 8.4 6.5 6.9
FEMALES 7.3 5.5 5.7 5.6 6.0
FRUIT FIBRE 2.5 2.1 0.8 1.5 1 .5
MALES 2.1 1 .3 0.7 1 .6 1 .4
FEMALES 2.6 2.1 0.8 1.5 1 .5
NON-CELL.POLYSACC. 12.0 8.9 9.5 10.2 10.3
MALES 12.6 9.8 11 .7 12.0 12.1
FEMALES 11.9 8.8 8.7 9.2 9.3
CELLULOSE 4.1 3.2 3.5 3.7 3.7
MALES 4.4 3.6 4.4 4.4 4.1
FEMALES 4.0 3.2 3.1 3.3 3.5
LIGNIN 1 .2 0.6 0.6 0.6 0.8
MALES 1 .2 0.5 0.6 0.7 0.9
FEMALES 1 .2 0.6 0.5 0.6 0.7
SUGARS 58.0 64.3 68.3 75.4 74.4
MALES 66.2 67.7 88.6 86.6 89.9
FEMALES 55.5 63.9 61 .5 69.1 65.3
LACTOSE 10.9 10.1 10.8 11.9 11 .2
MALES 10.3 8.6 13.7 11 .0 11 .3
FEMALES 11.1 10.2 9.9 12.4 11 .1
STARCH 106.5 83.4 98.5 104.1 109.0
MALES 135.0 101 .8 129.3 129.2 129.1
FEMALES 98.0 81 .4 88.2 90.1 97.1
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CORRELATION COEFFICIENTS AND STANDARD ERRORS 
WHOLE GUT TRANSIT TIME AND STOOL WEIGHTS 
VS INTAKE OF MAJOR NUTRIENTS 
CONTROL GROUP N=7
TRANSIT TIME STOOL WEIGHT
CORR STAND. CORR. STAND
COEFF ERROR COEFF ERROR
STOOL WEIGHT -0.81 -3.13
ENERGY INTAKE 0.33 0.78 -0.47 -1 .21
PROTEIN INTAKE 0.00 0.00 -0.20 -0.46
CARBOHYDRATE -0.61 -1 .72 0.89 4.38
FAT INTAKE 0.52 1.37 -0.64 -1 .88
TOTAL FIBRE INTAKE -0.64 -1 .88 0.86 3.75
CEREAL FIBRE INTAKE 0.14 0.32 0.22 0.52
VEGETABLE FIBRE INTAKE -0.60 -1 .68 0.41 1 .00
FRUIT FIBRE INTAKE -0.33 -0.78 0.63 1 .83
SUGARS INTAKE -0.41 -1 .01 0.50 1 .28
STARCH INTAKE 0.05 0.11 -0.19 -0.43
APPENDIX 5b 
CORRELATION COEFFICIENTS AND STANDARD ERRORS 
WHOLE GUT TRANSIT TIME AND STOOL WEIGHTS 
VS INTAKE OF MAJOR NUTRIENTS 
CONSTIPATION PATIENTS
TRANSIT TIME STOOL WEIGHT
CORR STAND. CORR. STAND
COEFF ERROR COEFF ERROR
STOOL WEIGHT 0.18 0.49
ENERGY INTAKE 0.10 0.27 0.02 0.04
PROTEIN INTAKE -0.10 -0.26 0.26 0.70
CARBOHYDRATE -0.19 -0.52 0.27 0.73
FAT INTAKE 0.21 0.57 -0.12 -0.33
TOTAL FIBRE INTAKE -0.10 -0.28 0.42 1 .22
CEREAL FIBRE INTAKE 0.25 0.67 0.22 0.61
VEGETABLE FIBRE INTAKE -0.33 -0.93 . 0.29 0.80
FRUIT FIBRE INTAKE -0.31 -0.86 0.42 1 .21
SUGARS INTAKE -0.24 -0.65 0.20 0.53
STARCH INTAKE 0.11 0.28 -0.24 -0.65
APPENDIX 5c
CORRELATION COEFFICIENTS AND STANDARD ERRORS 
WHOLE GUT TRANSIT TIME AND STOOL WEIGHTS 
VS INTAKE OF MAJOR NUTRIENTS 
DIARRHOEA PATIENTS
TRANSIT TIME STOOL WEIGHT
CORR STAND. CORR. STAN
COEFF ERROR COEFF ERRO
STOOL WEIGHT 0.36 0.94
ENERGY INTAKE -0.21 -0.53 -0.72 -2.55
PROTEIN INTAKE 0.44 1 .19 -0.27 -0.70
CARBOHYDRATE -0.20 -0.51
o00•o1 -3.31
FAT INTAKE -0.07 -0.17 -0.71 -2.49
TOTAL FIBRE INTAKE 0.35 0.93 -0.09 -0.21
CEREAL FIBRE INTAKE 0.04 0.09 -0.03 -0.07
VEGETABLE FIBRE INTAKE 0.48 1 .35 -0.21 -0.51
FRUIT FIBRE INTAKE -0.27 -0.69 0.28 0.71
SUGARS INTAKE -0.09 -0.23 -0.61 -1 .87
STARCH INTAKE -0.24 -0.61 -0.73 -2.58
APPENDIX 5d 
CORRELATION COEFFICIENTS AND STANDARD ERRORS 
WHOLE GUT TRANSIT TIME AND STOOL WEIGHTS 
VS INTAKE OF MAJOR NUTRIENTS 
PAIN AND BLOATING PATIENTS
TRANSIT TIME STOOL WEIGHT
CORR STAND. CORR. STAND
COEFF ERROR COEFF ERROR
STOOL WEIGHT 0.55 1 .15
ENERGY INTAKE 0.90 3.53 0.46 0.90
PROTEIN INTAKE -0.10 -0.17 0.63 1 .39
CARBOHYDRATE 0.83 2.58 0.18 0.32
FAT INTAKE 0.62 1 .36 0.22 0.39
TOTAL FIBRE INTAKE -0.48 -0.95 -0.51 -1 .04
CEREAL FIBRE INTAKE -0.12 -0.21 -0.63 -1 .39
VEGETABLE FIBRE INTAKE -0.69 -1 .66 -0.15 -0.26
FRUIT FIBRE INTAKE -0.42 -0.80 0.42 0.81
SUGARS INTAKE 0.86 2.96 0.45 0.88
STARCH INTAKE 0.65 1 .49 -0.09 -0.16
APPENDIX 6a 
DIETARY SURVEY 
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
CONTROL GROUP
MEAN SD MALE FEMALE
AVERAGE AGE 39.2 13.9 37.3 39.8
NUMBER OF SUBJECTS 61 1 14 47
AVERAGE FOOD INTAKE 1328.0 550.5 1684.1 1221.9
WHITE BREAD INTAKE 58.1 71 .2 101 .9 45.0
BROWN BREAD INTAKE 48.1 52.4 60.8 44.3
TOTAL BREAD INTAKE 106.2 67.9 162.7 89.3
BISCUIT/CAKE/PUDDS 85.0 57.0 76.5 87.6
BREAKFAST CEREALS 16.6 24.7 15.1 17.0
OTHER CEREALS 38.3 45.4 57.5 32.6
TOTAL CEREAL INTAKE 246.1 100.5 311 .8 226.5
MILK,DAIRY PRODUCTS 258.1 121 .6 258.1 258.1
COOKING/SPREAD FAT 27.3 22.9 44.4 22.2
MEAT & OFFAL 168.8 88.8 243.6 146.5
EGGS /EGG DISHES 31 .7 30.6 46.9 27.1
FISH 24.0 25.4 31 .5 21 .7
POTATOES 102.3 56.7 96.1 104.1
FRUIT&NUTS 109.3 85.3 108.4 109.6
VEGETABLES EXCL POT 134.4 63.7 150.6 129.6
TOTAL FRUIT & VEG 346.0 128.4 355.1 343.3
TABLE SUGAR 7.9 25.0 16.7 5.3
CONFECTIONERY 12.7 13.7 13.3 12.6
SOFT DRINKS 44.7 60.3 22.5 51 .4
ALCOHOL 218.7 496.9 442.1 152.2
APPENDIX 6b 
DIETARY SURVEY 
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day) 
IRRITABLE BOWEL PATIENTS WITH CONSTIPATION
AVERAGE AGE 
NUMBER OF SUBJECTS
AVERAGE FOOD INTAKE
WHITE BREAD INTAKE 
BROWN BREAD INTAKE 
TOTAL BREAD INTAKE
BISCUIT/CAKE/PUDDS 
BREAKFAST CEREALS 
OTHER CEREALS 
TOTAL CEREAL INTAKE
MILK,DAIRY PRODUCTS 
COOKING/SPREAD FAT
MEAT & OFFAL 
EGGS /EGG DISHES 
FISH
POTATOES 
FRUIT&NUTS 
VEGETABLES EXCL POT 
TOTAL FRUIT & VEG
TABLE SUGAR 
CONFECTIONERY 
SOFT DRINKS 
ALCOHOL
MEAN SD
39.8
31
15.0
1
940.1 273.1
60.8
23.4
84.2
48.3
32.6
40.1
69.9 
8.1 
21 .4 
183.6
57.5 
16.3 
28.0
86.5
214.9
23.0
125.4
12.7
128.0 
21 .9 
22.6
65.4 
18.7
20.4
87.5 
97.9 
101 .0 
286.4
55.8
83.0
64.1 
115.3
17.0
16.4
37.8
49.2
28.9 
31 .5 
60.8 
116.4
MALE FEMALE
48.3
3
38.9
28
1155.0 917.1
126.7 
0.0
126.7
53.8
25.9 
79.6
57.7 
6.7 
21 .3 
212.3
71 .2 
8.2 
21 .4 
180.6
213.3
34.0
215.1 
21 .9
191 .0 
19.3 
28.0
121 .2 
22.2 
22.1
125.7 
81 .0 
107.3 
314.0
83.4
99.7
100.3
283.4
27.7
10.3
28.3 
203.3
15.9 
17.0
38.9 
32.7
APPENDIX 6c 
DIETARY SURVEY 
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day) 
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
MEAN SD MALE FEMALE
AVERAGE AGE 
NUMBER OF SUBJECTS
40.08
60
14.15
1
41 .13 
15
39.73
45
AVERAGE FOOD INTAKE 1059.80 523.22 1385.67 951 .18
WHITE BREAD INTAKE 
BROWN BREAD INTAKE 
TOTAL BREAD INTAKE
81 .10 
18.62 
99.72
50.84
30.95
45.43
90.67
27.00
117.67
77.91
15.82
93.73
b i s c u i t /c a k e /p u d d s
BREAKFAST CEREALS 
OTHER CEREALS 
TOTAL CEREAL INTAKE
80.78 
9.65 
11 .60 
201.75
57.78
14.43
19.66
79.21
97.73
15.80
9.67
240.87
75.13
7.60
12.24
188.71
MILK,DAIRY PRODUCTS 
COOKING/SPREAD FAT
243.43
27.32
157.90
10.84
285.40
33.27
229.44
25.33
MEAT & OFFAL 
EGGS /EGG DISHES 
FISH
148.20 
21.52 
21 .62
62.53
23.55
18.08
193.87
18.07
24.20
132.98
22.67
20.76
POTATOES 
FRUIT&NUTS 
VEGETABLES EXCL POT 
TOTAL FRUIT & VEG
113.13
36.07
87.87
237.07
49.20
44.44
37.72
78.61
133.13
39.60
95.93
268.67
106.47
34.89
85.18
226.53
TABLE SUGAR 
CONFECTIONERY 
SOFT DRINKS 
ALCOHOL
22.63
13.67
73.88
129.82
23.48
16.13
129.41
378.87
31 .07 
16.47 
95.27 
269.20
19.82
12.73
66.76
83.36
APPENDIX 6d 
DIETARY SURVEY 
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH PAIN AND BLOATING
MEAN SD MALE FEMALE
AVERAGE AGE 42.5 13.1 39.6 44 .2
NUMBER OF SUBJECTS 53 1 19 34
AVERAGE FOOD INTAKE 1253.2 344.0 1526.8 1100 .3
WHITE BREAD INTAKE 81.6 59.7 116.8 61 .9
BROWN BREAD INTAKE 28.1 36.4 26.3 29 .1
TOTAL BREAD INTAKE 109.7 54.4 143.1 91 .0
b i s c u i t /c a k e /p u d d s 94.5 63.8 112.3 84 .5
BREAKFAST CEREALS 13.1 18.4 14.4 12 .3
OTHER CEREALS 15.5 21 .6 15.2 15 .6
TOTAL CEREAL INTAKE 232.7 87.6 284.9 203 .5
MILK,DAIRY PRODUCTS 283.8 116.0 269.9 291 .6
COOKING/SPREAD FAT 29.9 12.5 36.1 26 .5
MEAT & OFFAL 161 .8 63.7 203.4 138 .6
EGGS /EGG DISHES 20.8 21 .1 22.7 19 .8
FISH 23.2 26.2 27.4 20 .8
POTATOES 118.2 46.3 144.4 103 .6
FRUIT&NUTS 68.3 72.3 75.7 64 .1
VEGETABLES EXCL POT 83.1 48.0 89.7 79 .4
TOTAL FRUIT & VEG 269.5 106.2 309.8 247 .1
TABLE SUGAR 27.9 23.9 29.5 27 .0
CONFECTIONERY 19.0 22.3 24.1 16 .2
SOFT DRINKS 49.2 73.6 61 .5 42 .3
ALCOHOL 69.6 172.9 145.9 27 .0
APPENDIX 6e 
DIETARY SURVEY 
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day) 
IRRITABLE BOWEL PATIENTS WITH PAIN AND DISTURBED BOWEL HABIT
AVERAGE AGE 
NUMBER OF SUBJECTS
AVERAGE FOOD INTAKE
WHITE BREAD INTAKE 
BROWN BREAD INTAKE 
TOTAL BREAD INTAKE
b i s c u i t /c a k e /p ud ds
BREAKFAST CEREALS 
OTHER CEREALS 
TOTAL CEREAL INTAKE
MILK,DAIRY PRODUCTS 
COOKING/SPREAD FAT
MEAT & OFFAL 
EGGS /EGG DISHES 
FISH
POTATOES 
FRUIT&NUTS 
VEGETABLES EXCL POT 
TOTAL FRUIT & VEG
TABLE SUGAR 
CONFECTIONERY 
SOFT DRINKS 
ALCOHOL
MEAN SD
42.0
43
12.2
1
1139.4 379.2
76.9
25.1
102.0
57.1 
41 .3 
52.9
109.7
13.0
14.9
239.6
69.7
14.6
19.7 
99.9
251 .1 
27.6
138.3
12.4
165.1
22.5
24.9
73.2
26.8
26.0
110.4
64.9
99.7
275.1
47.3
58.5
52.8
88.0
24.2
16.3 
47.9
122.0
28.6
19.2
58.0
298.3
MALE FEMALE
44.4
16
40.5
27
1353.2 1012.7
100.1
32.9
133.0
63.1
20.6
83.6
116.1
13.6
15.0
277.7
106.0
12.6
14.8
217.0
265.6
34.5
242.5
23.5
177.1
28.6
36.2
158.0
18.9
18.1
119.8 
61 .4 
124.5 
305.7
104.9
67.0
85.0
256.9
43.4
19.4
42.4 
222.6
12.9 
14.5 
51 .1 
62.4
A.fc'.fc'JEjJLNJJ.LA /  cL
CORRELATION COEFFICIENTS (R)
FOR THREE PATIENT GROUPS AND CONTROLS
CONTROLS N= 7
MOUTH-CAECUM 
STOOL WEIGHT 
FIBRE INTAKE 
DIARRHOEA N= 8
MOUTH-CAECUM 
STOOL WEIGHT 
FIBRE INTAKE 
CONSTIPATION N= 8
MOUTH-CAECUM 
STOOL WEIGHT 
FIBRE INTAKE 
PAIN/BLOATING N= 5
MOUTH-CAECUM 
STOOL WEIGHT 
FIBRE INTAKE 
ALL SUBJECTS N=28
MOUTH-CAECUM 
STOOL WEIGHT 
FIBRE INTAKE
>S
WHOLE GUT MOUTH-CAECUM 
TRANSIT TRANSIT
0.50
-0.81 -0.65
-0.64 -0.21
WHOLE GUT MOUTH-CAECUM 
TRANSIT TRANSIT
0.06
0.36 -0.19
0.35 0.56
WHOLE GUT MOUTH-CAECUM 
TRANSIT TRANSIT
0.50
0.26 -0.42
-0.28 -0.44
WHOLE GUT MOUTH-CAECUM 
TRANSIT TRANSIT
0.31
0.55 0.84
-0.48 -0.69
WHOLE GUT MOUTH-CAECUM 
TRANSIT TRANSIT
0.45
-0.48 -0.29
-0.16 -0.04
STOOL WEIGHT
0.86 
STOOL WEIGHT
-0.09 
STOOL WEIGHT
0.66 
STOOL WEIGHT
-0.51 
STOOL WEIGHT
0.26
APPENDIX 7b 
CORRELATION COEFFICIENTS (R)
FOR THREE PATIENT GROUPS AND CONTROLS 
FOR SUBJECTS ONLY WITH FIBRE INTAKE GREATER THAN 
OMITTING GROUPS WHERE N<3
CONTROLS N= 6
WHOLE GUT MOUTH-CAECUM 
TRANSIT TRANSIT
MOUTH-CAECUM 0.56
STOOL WEIGHT -0.83 -0.84
FIBRE INTAKE -0.71 -0.51
CONSTIPATION N= 3
MOUTH-CAECUM 
STOOL WEIGHT 
FIBRE INTAKE
WHOLE GUT MOUTH-CAECUM 
TRANSIT TRANSIT
-0.33
0.83
0.97
0.26
-0.56
ALL SUBJECTS N=11
MOUTH-CAECUM 
STOOL WEIGHT 
FIBRE INTAKE
WHOLE GUT MOUTH-CAECUM 
TRANSIT TRANSIT
-0.03
-0.70
-0.40
-0.40
-0.29
20g/day
STOOL WEIGHT
0.87
STOOL WEIGHT
0.65
STOOL WEIGHT
0.74
>
APPENDIX 8a
MOUTH TO CAECUM TRANSIT TIME RESULTS 
TRANSIT TIME /mins
NUMBER CONTROLS DIARR CONSTIP PAIN/BL
1 80 60 31 85
2 50 35 85 60
3 34 45 1 45 80
4 48 40 45 60
5 98 30 85 50
6 11 0 40 45 90
7 61 35 95 70
8 75 30 150 60
9 85 40 115 55
1 0 41 40 40 90.
1 1 50 60 1 1 5 125
1 2 55 90 65 1 10
13 65 30 45 100
1 4 80 20 60 50
1 5 64 10 60 70
16 50 45 55
17 105 35 55
18 64 50 75
22 65
23 75
24 70
25 48
26 55
27 60
28 65
29 60
30 45
31 60
32 65
33 70
APPENDIX 8b
RESULTS OF WHOLE GUT TRANSIT TIME TRIAL
NUMBER WHOLE GUT TT MOUTH/CAECUM STOOL WT STOOL
/hours TT /mins /g
CONTROLS
1 49.7 70 131 6
2 26.5 40 260 5
3 45.2 55 153 5
4 57 80 122 7
5 57.4 65 115 6
5 90 65 98 8
7 58.1 50 106 5
DIARRHOEA PATIENTS
8 34.2 60 194 1 .5
9 30 15 142 2
1 0 57.6 40 1 64 2
1 1 37.3 45 54 1
1 2 48 20 . 270 1
1 3 24 20 80 1.5
1 4 26.6 50 1 32 1 .5
1 5 33.3 25 268 2
CONSTIPATION PATIENTS
16 51 50 59 7
17 140 65 61 8
18 144 65 66 8
.19 124 50 78 8
20 1 37 55 106 8
21 96 60 56 8
22 1 44 105 54 8
23 72 55 68 8
PAIN AND BLOATING PATIENTS
24 80.7 40 78 8
25 59.6 135 100 6.5
26 110 95 94 8
27 60 40 41 7
28 48 20 52 8
APPENDIX 8c
PATIENT GROUP : FRUCTOSE ABSORPTION LIMIT THRESHOLD
Patient Fructose Mouth- Predominant
Threshold/g caecum symptoms
DW 40
time/min
70 Pain/wind
ES 25 20 Diarrhoea
JJ 40 85 Pain/wind
PB 20 20 Diarrhoea
RG 30 30 Pain/v/ind
ES 20 <10 Diarrhoea
GR 35 1 20 Pain/wind
APPENDIX 9a
CONTROL GROUP
INTAKE OF MAJOR NUTRIENT GROUPS N=61 MALES 14 FEMALES 47 
SUBJ AGE SEX ENERGY PROTEIN CARBOH. FAT FIBRE
1 62
M=1 F=0 
1 1775 93.8 156.4 87.9 14.1
2 60 1 2058 91 .6 177.1 111.1 23.2
3 63 0 1622 86.7 151 .8 77.8 13.3
4 53 0 1527 55 168.3 75.1 12.9
5 60 0 1714 71 .9 235.9 85.3 24.9
6 46 0 1846 54.2 198 97.4 11 .2
7 25 1 2427 75.1 235 127.7 1 9
8 46 0 2065 82.3 195.8 96.4 21 .4
9 49 0 1600 64.7 157.9 82.8 14.6
10 43 0 2595 93.4 286.3 127.5 22.9
11 44 1 6001 242.9 462.6 350.9 38.4
12 46 0 1797 81 .1 191 .1 84.3 24.7
13 46 0 1881 80.8 162.2 103.9 15.8
1 4 51 0 1436 62.9 140.1 72.2 17.4
15 25 1 1594 61 .5 152 66.5 11.6
16 53 0 1875 60.8 222.9 88.4 12.5
17 26 0 1504 68.1 191 43.1 32.9
18 26 0 2451 91 .5 231 .1 125.6 16.4
19 53 0 2086 81 .9 1 92.7 107.7 19.5
20 60 1 2974 111.6 267.3 1 4 6 . 4 16.6
21 55 0 1639 64.3 1 67.3 81 .7 20.9
22 29 0 2464 91 .9 197.2 136.4 15.2
23 25 0 1750 70.6 1 66.4 93.7 ' 19.2
24 54 0 2351 90.5 225.5 126.5 16
25 59 0 2255 93.4 211 .9 119.7 22.4
26 48 0 2154 103.3 203.2 105.7 24.9
27 49 0 2187 69.3 268.4 93 30.9
28 44 0 1923 61 .1 225.3 91 .6 23.1
29 53 0 1934 77.4 207.2 94.1 20.8
30 21 0 2785 93.8 296.7 140.9 20.5
31 31 0 3038 92.8 307.1 145.4 18.2
32 60 0 2466 82.5 205.8 142.3 16.2
33 21 0 1925 70.1 185.7 96.9 18
34 30 0 1801 73.2 168.9 97.2 16.7
35 18 0 2265 91 .8 215.1 116.5 16
36 44 0 1615 58.1 160.9 81 .1 13.6
37 24 0 1079 41 .6 106.9 56.9 6.9
38 26 0 1953 83.7 195.4 83.4 32.7
39 21 0 1 316 53.8 117.6 73.2 16
40 61 0 1791 76.9 155 97.8 11.2
APPENDIX9b
CONTROL GROUP
INTAKE OF MAJOR NUTRIENT GROUPS N=61 MALES 14 FEMALES 47
SUBJ CER/F. VEG/F. FR/F. N.C.P. CELL LIGNIN SUGARS LACT STARCH
1 2.9 8.8 2.4 9.75 2.78 0.92 57.3 0 87.6
2 10.9 10.5 1.8 15.05 4.86 2.05 49.3 7 94.3
3 1 .9 8.7 2.6 10.32 3.53 0.84 59.1 1 69.1
4 6.1 5.9 0.9 9.57 3.01 0.73 64.6 9.1 56.4
5 13.4 7.9 3.6 16.02 5.08 1 .79 55.5 4.5 86.4
6 5.7 4.5 1 6.71 2.55 0.53 60.6 8.7 104.6
7 5.2 10.5 3.2 12.64 4.9 0.88 79.6 8.5 107.7
8 9.5 5.5 5.2 12.6 5.14 1 .69 73.2 13 88.5
9 7.8 3.6 2.3 9.79 3.2 1 .3 58.4 11 .7 66
10 10 10.9 2 14.63 5.62 1 .3 108.8 18.7 125.2
11 13.2 22.5 0.8 22.67 9.08 1 .2 36.4 16.1 335.7
12 8.7 5.8 5.1 1 4.47 4.67 2.3 21 .5 28.7 90.4
1 3 9.8 5.3 0.7 10.24 3.16 1 .4 44.1 9.2 92.5
1 4 6.9 9 1 .5 12.21 4.39 0.99 19.3 16.6 81 .9
15 6.4 3.9 1 .3 5.72 2.68 0.45 35.5 8.3 68.8
1 6 6.2 3.9 2.4 9.08 3.15 0.5 86.2 8.8 103.2
17 11 .9 11.7 9.2 18.5 6.65 3.05 59.2 17.4 92.9
18 3.9 11 1 .5 10.97 3.71 0.83 91 .7 6.8 105.3
19 10.6 5.1 3.8 1 4.87 4.55 2.26 38.4 11.3 1 08.6
20 7.6 7.8 1.2 12.96 5.09 0.53 76.2 9.5 154
21 12.3 5 3.5 15.16 5 2.3 49.6 7.9 89.6
22 8.1 6.4 0.7 9.56 3.44 0.51 52.1 11.6 114.4
23 7.2 8.2 3.4 11 .78 4.13 1 .56 44.4 9.3 86.8
24 7.4 5.3 3.2 9.72 3.56 0.89 43.8 18.7 136
25 10.2 9.6 2.6 14.11 4.44 1 .61 53.7 18.5 111.2
26 13.4 9.9 1 .6 17.5 5.66 1 .36 36.6 15.6 111.4
27 6.8 20.5 2.4 19.25 7.07 0.88 58.5 14.2 1 74.9
28 11 .8 6.9 4.4 14.43 4.23 2.53 127.3 4 74
29 3.9 10.3 6.6 13.78 4.33 1 .42 79.6 11.6 86.6
30 4.7 15.5 0.3 15.8 4.73 0.71 77.1 4 113.5
31 7.1 7.9 3.2 13.03 4.55 0.98 109.6 1 9 1 44.2
32 7.1 7.4 1.7 10.88 4.61 0.97 56.9 7.6 113.5
33 9.6 5 3.4 12.25 4.26 1 .34 72 9.6 90.5
34 9.2 5.3 2.2 10.04 3.13 1 .27 38.8 9.1 96.9
35 9.4 4.5 2.1 11.15 3.51 1 .07 55.2 8.5 115.6
36 6.3 6.4 0.9 9.9 3.5 0.63 24.2 7.2 104.7
37 1 .3 5.6 0 5.45 2.15 0.44 26.1 4. S 46
38 12.5 18.2 2 23.88 7.9 1 .98 43.1 12.2 111.6
39 6.1 8.7 1 .2 11 .01 3.09 0.93 29.7 7.1 67.9
40 4.8 6 0.4 8.89 3.38 0.19 30.3 6.6 110.5
>
APPENDIX 9c
CONTROL GROUP
INTAKE OF MAJOR NUTRIENT GROUPS N=61 MALES 14 FEMALES 47
SUBJ AGE SEX ENERGY PROTEIN CARBOH. FAT FIBRE
41 21 0 1267 57.7 121 .4 59.4 11 .2
42 52 0 2134 91 .3 201 .5 111.3 18.4
43 38 0 1555 63.3 131 .9 88.6 9.2
44 24 0 1510 64.3 159.6 64.6 19.5
45 20 0 1384 45.2 156.6 59.7 8.5
46 36 0 2475 94.5 270.6 120.2 20.6
47 38 1 2611 114.2 180.1 149 12.6
48 53 0 1797 64.3 171 .4 99.8 17.3
49 39 0 2225 81 .8 223.2 108.9 13.6
50 31 0 1679 58 155.9 75.4 20
51 44 0 1129 52 123.7 48.7 16.5
52 44 1 3616 124.9 333.2 180.3 19.8
53 30 1 1586 67.6 158.8 65.2 23.8
54 33 0 1812 75.9 192.3 87.5 22.5
55 21 0 1950 60 200.4 99.4 22
56 23 1 3043 101 .5 264.6 145.3 20
57 33 1 2929 105.1 305.3 147.3 27.7
58 25 1 2563 98.9 265.2 117.2 39
59 24 1 3852 129.4 243.6 158.4 13
60 29 1 2817 95.2 215.3 130.8 19.1
61 24 0 1452 49.9 175.9 54.3 23.7
>
APPENDIX 9d
CONTROL GROUP
INTAKE OF MAJOR NUTRIENT GROUPS N=61 MALES 14 FEMALES 47
SUBJECT CER/F. VEG/F. FR/F. N.C.P. CELL LIGNIN SUGARS LACT STARCH
41 3.9 5.1 2.2 7.48 2.79 0.48 52.4 5.2 55.3
42 12 5.2 1 .2 12.54 4.61 0.65 35.2 13.7 135.9
43 2.8 4.7 1 .5 5.44 2.25 0.48 45.3 5.5 68.1
44 12.4 6 1 .1 13.34 4.73 1 .44 39.2 6.2 106.4
45 4.5 4 0 5.21 1 .84 0.69 55.2 7.9 85.1
46 12.7 6.6 1.2 12.9 4.48 1 .23 81 .4 26 154.6
47 4.6 5.2 2.8 7 .‘22 2.38 0.31 48 13.8 103.9
48 8 5.7 3.6 11.18 3.9 2.25 51.8 11.5 108.1
49 4.2 8.3 1 .1 9.35 3.18 0.59 75.6 9.8 96.5
50 11 .7 7 1.3 14.32 3.75 1 .56 38.5 13.9 87.9
51 9.7 3 3.8 10.54 3.51 1 .58 31 16.1 58.2
52 8.2 8.2 3.4 13.07 4.1 0.92 135 19.7 156.5
53 10.1 7.8 5.8 13.29 3.7 2.09 61 .2 7.5 69.5
54 10.2 6.9 4.6 10.3 3.13 1 .39 35.5 12.6 115.7
55 12.7 3 6.2 7.06 2.12 1.18 55.5 7.4 82.5
56 6.5 13.5 0.1 10.71 3.56 0.52 69.8 13.6 131 .6
57 12.9 13.6 1 .2 18.3 6.26 1.18 46 10.7 204.7
58 19 13.1 5.3 17.83 6.53 2.2 70.7 8.6 177.5
59 6.7 6.3 0 6.82 2.79 0.34 86.7 10.1 91 .6
60 6.9 10.8 0.2 10.44 3.37 3.64 75.5 10.2 107.2
61 10.7 6.2 7.4 10.85 3.69 1 .38 65 12.5 80.9
l
APPENDIX 9e
IRRITABLE BOWEL PATIENTS WITH CONSTIPATION
INTAKE OF MAJOR NUTRIENT GROUPS N=31 MALES 3 FEMALES 28
SUBJ. AGE SEX ENERGY PROTEIN CARBOH. FAT FIBRE
1 47 0 2226 70.1 220.2 124.4 18.8
2 61 0 2083 66.6 262 92.8 16.7
3 32 0 1 756 68.8 1 43.2 1 01 .9 11.1
4 41 0 1398 50.4 159.9 66.2 10.6
5 47 0 1418 68.7 138.8 69.2 13.6
6 38 0 955 40.7 81 .2 54.2 6.1
7 56 0 1 042 76.5 112.5 34.9 6
8 62 1 1274 57.5 110.3 70 7.4
9 25 0 2002 68.3 172.3 120.3 9.6
10 54 0 1615 62.4 183.2 78.9 14.1
11 21 0 933 39.8 96.9 45.9 13.7
12 54 0 1571 58.5 167.6 79.1 21 .5
13 19 0 615 33.2 53.2 21 .5 9.8
1 4 23 0 1118 53.7 115.2 36.3 15.9
15 56 0 1758 61 .8 221.2 72.7 23.9
16 32 0 1588 49.9 142.4 95.5 10.7
17 24 0 1722 69.5 210.8 72.8 23.7
18 22 0 2270 48.7 330.4 90.7 19.1
19 64 0 2059 63. S 259.7 92.2 15.2
20 35 1 1953 67.9 200.3 85.6 15.6
21 41 0 2057 57.5 267.8 91 .5 12
22 13 0 2177 69.5 226.6 116.6 16.6
23 28 0 1 943 55.4 178.2 103.4 9.1
24 55 0 2699 104.4 303.5 121 10.2
25 63 0 1293 57.1 114.3 70.6 8.7
26 48 1 2858 93.4 298.4 151 .7 16.6
27 41 0 2256 64.9 263.8 110.7 13
28 31 0 1654 84.5 299.7 57.1 9.3
29 29 0 1 371 43.5 151 .5 57.8 7.3
30 25 0 1477 60.8 171.1 61 .6 16.3
31 47 0 1186 60.5 137.4 43.5 17.5
>
APPENDIX9f
IRRITABLE BOWEL PATIENTS WITH CONSTIPATION
INTAKE OF MAJOR NUTRIENT GROUPS N=31 MALES 3 FEMALES 28
SUBJECT CER/F. VEG/F. FR/F. N.C.P. CELL LIGNIN SUGARS LACT STARCH
1 11 .1 6.2 1 .5 14.64 4.75 1 .42 39.5 15.2 96.6
2 5.1 6.1 5.1 10 4.3 0.8 155 10.7 74.18
3 3.6 6.6 0.9 8.07 2.88 0.34 46.4 6.6 77.9
4 6 3.8 0.7 8.02 3.11 0.28 38 8.5 95.2
5 2.9 7.4 3.3 7.1 2.94 0.66 38.4 4.2 • 69.5
6 2.7 3.4 0 4.46 1 .77 0.11 5.2 0 63.8
7 0.8 3.8 1 .4 4.91 1 .7 0.3 3.9 6.7 48.2
8 1 .5 5.3 0.6 5.9 2.3 0.3 33.2 8.3 48.2
9 3.8 3.3 1 .5 6.78 2.17 0.47 40.4 15.3 83.3
1 0 2.2 8.4 2.8 9.61 3.56 0.59 89.1 15.6 57.7
11 9.5 3.6 0.5 6.1 2.29 0.56 15.5 10.1 57.7
12 12.3 5.7 3.3 13.89 4.08 2.08 55.2 3.7 93.1
13 0.6 3 6.2 5.56 1 .97 0.67 34.7 0.5 16.6
1 4 7.1 6.7 1.7 7.87 2.79 0.67 55 5.2 40.2
1 5 13.7 6.2 4.5 12.3 4.6 1 .03 68.8 14.3 104.6
16 4.9 4.4 1.3 8.04 2.8 0.2 21 .5 5.3 88.2
17 11 .4 7.7 4.9 16.54 5.24 1 .65 86.9 9.9 72.5
18 4.5 13.1 0.7 •12.95 6.09 0.38 204.5 5.8 98.6
19 6.7 1 .6 6.9 6.97 2.37 0.34 107.8 22.4 114.5
20 7 5.8 2.7 11 .83 4.36 0.58 60.3 3.5 126.4
21 6.2 2.9 2.8 7.3 2.67 0.5 108.2 13.3 114.2
22 4.1 12.4 0 12.2 4.17 0.4 62.4 3.4 1 32.1
23 6.1 2.9 0.1 6.14 2.11 0.6 61 .1 7.7 96.4
24 5.4 3.9 0.9 8.21 3.23 0.29 123.2 22.7 121 .1
25 3.9 2.4 2.4 6.18 1 .94 0.81 48.7 11.1 33.18
26 5.8 10.2 0.6 11 .61 4.26 0.63 109.7 13.9 130.8
27 6.3 5.9 0.2 9.46 3.74 0.51 78.6 4.8 1 22.6
23 4.6 4.2 0.5 6.52 2.52 8E-2 18.9 30 97.8
29 2.9 2.1 2.3 4.12 1 .44 0.33 67.9 4.2 63.1
30 3.9 10 1 .8 11 .47 4.03 0.41 74.5 7.3 73.4
31 8.4 7.4 1 .8 10.2 3.9 1 .25 39.8 22.4 72.6
>
APPENDIX 9g
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
INTAKE OF MAJOR NUTRIENT GROUPS N=60 MALES 15 FEMALES 45
SUBJ AGE SEX ENERGY PROTEIN CARBOH. FAT FIBRE
1 50 0 1 406 45.5 112.3 74.6 11 .5
2 46 0 1069 51 .4 104.1 51 .6 9
3 33 0 1189 71 .2 83.8 65.5 10.3
4 30 0 2011 73 218.4 97 17.3
5 46 0 1 792 64.2 156.9 105.2 16.1
6 43 0 2299 87.1 227.7 121 .8 12.5
7 67 0 1699 66.3 162.8 90.6 12.1
8 18 0 1330 58.7 112.4 72.7 7
9 40 1 2178 77.9 ' 200.1 116.4 14.5
10 53 0 1795 74.5 207.3 80 20.7
11 42 0 1 446 49.3 1 44.2 78.7 8.2
12 38 0 1120 53.2 90.8 60.9 12.7
13 39 0 1 537 75.2 139.7 77.1 13.1
14 22 0 1378 52.7 136 73 8.6
15 46 0 2347 86.7 289.3 1 01 .3 14.4
16 62 1 2035 81 .2 257.5 82.7 21 .9
17 40 1 3065 111.9 296 167.5 24.2
18 37 1 1668 60.4 198 76.1 18
19 36 0 1029 49.8 120.5 41 .1 10.4
20 27 0 2021 68.4 271 .9 77.9 31
21 55 0 1170 40.5 1 32.4 56.9 14.8
22 51 1 1924 89.8 149.8 111.4 15.7
23 67 0 1386 42.1 152.5 71 .7 7
24 68 0 1968 71 .8 186.8 100.5 11.9
25 33 1 2385 66.3 215.9 88.7 11
26 22 1 2555 89.9 216.2 134.3 13.8
27 44 0 1501 55 124.4 75.1 8.8
28 50 1 1669 59.6 148.8 96.8 11.7
29 18 1 3668 96.6 427.4 186.4 18.2
30 65 0 1583 62.3 167.4 78.3 9.3
31 60 0 1356 53.5 133.3 71 .3 5.9
32 37 0 2267 58.8 277.3 110.1 14.6
33 58 1 2989 100.3 325.3 1 51 .9 12.9
34 26 0 2095 70.6 204 102.9 11.2
35 22 0 1 964 59.1 205.9 84.8 12.5
36 21 0 2022 74.4 166.6 110.3 9.2
37 52 0 2152 62.6 223.8 117.2 9.3
38 45 0 1195 42.5 122.7 62.6 9.9
39 24 1 3143 89 359.6 1 47.2 16.8
40 22 0 2549 96.2 250.8 133.3 9.4
>
APPENDIX 9h
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
INTAKE OF MAJOR NUTRIENT GROUPS N=60 MALES 15 FEMALES 45
SUBJ CER/F. VEG/F. FR/F. N.C.P. CELL LIGNIN SUGARS LACT STARCH
1 1 .9 7.8 0.6 6.39 2.53 0.26 17 10.2 52.2
2 4.1 3.8 1 .1 5.45 3.89 0.24 27.6 10 56.5
3 2.4 4.6 3.3 6.38 2.89 0.78 19.9 7 38.9
4 7.4 7.8 1 .9 11 .89 4.25 0.77 103.2 0 102.1
5 3.7 5.6 0.36 1 3.33 3.8 1 .16 20.6 1 8 73.1
6 4.7 6.9 0.8 9.61 3.84 0.34 79.4 11.6 120
7 2.8 9.3 0 9.4 3.5 0.3 45.3 14.8 76.1
8 3.3 3.7 0 4.69 1 .91 8E-2 24 7.2 56.2
9 5.4 7.5 1 .6 9.6 3.6 0.49 111 10 150.6
10 15.2 5.4 0 16.14 5 1 .3 57.1 7.2 106.3
11 1 7.2 0 5.8 2.7 0.22 71.2 10.1 29.4
1 2 2.9 6.7 3 5.83 2.7 0.66 14.3 8.2 46.2
1 3 2.4 7.6 3.1 8.29 2.91 0.41 35.1 11.7 61 .3
1 4 2.2 6.3 0.1 6.58 2.04 0.21 27.9 9 68.5
15 5.5 5.8 3.1 8.69 3.18 0.26 126.3 11.4 131 .5
1 6 10.7 11 .2 0.1 15.3 5.43 1 .5 92.6 16.6 122.2
17 9 12.1 2.7 16.46 6.44 0.94 64.4 17.9 1 43.1
1 8 12.7 4.9 0.4 12.72 4.11 1 .27 65.2 0 114.4
19 4.4 5.9 0 8.6 3.9 0.3 36.3 6.6 63.2
20 13.4 12 1 .7 16.2 4.9 1 .9 70 10.8 128.1
21 12.1 2.7 0 11.9 3.9 1 .2 21 .8 2.9 94.8
22 8.4 7.3 0 4.8 4.3 0.5 13 6.3 107.5
23 2.5 4.5 0 5.78 2.35 0.17 47.9 6.8 73.9
24 4.7 7.2 0 9.77 3.35 0.32 44.7 1 .4 110.6
25 3.8 7.2 0 8.2 2.79 0.36 62.9 26.8 78.6
26 6.5 6.9 0.2 10.4 4.5 0.55 66.3 5.6 116.3
27 3.4 5.2 0.1 5.9 2.38 0.3 33.7 5.5 57.8
28 4.2 7.2 0.3 8.87 3.24 0.28 19.5 5.2 95.9
29 7.5 10.4 0.2 15.9 4.7 0.51 169.4 32.5 158.7
30 5.2 3.3 0.5 9.21 2.98 0.33 52.1 7 79.5
31 3.3 2.2 0.3 5.53 2.2 0.2 30.1 9.6 58.17
32 5.4 8.2 0.9 11 .5 4.8 0.4 118.7 1 .3 126.3
33 7.6 4.9 0.4 10.93 4.26 0.24 135 7.9 1 45
34 3.2 7.9 0.1 8.71 3.63 0.23 61 .8 5.6 106.1
35 3.4 8.8 0.3 9.06 3.63 0.13 72.6 8.3 1 00.4
36 3.8 5.4 0 8.32 3.04 0.21 38.8 2 94.61
37 4.3 1 .2 1.4 4.67 1 .73 . 0.29 120.1 6.9 84.27
38 3.1 6.4 0 6.93 2.4 0.26 49.9 5.8 57.6
39 8.9 5.4 2.4 12.71 4.57 0.77 134 31 .4 202.6
40 6.5 2.8 0 6.89 2.49 0.62 82.4 14.5 128.5
>
APPENDIX 9i
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
INTAKE OF MAJOR NUTRIENT GROUPS N=60 MALES 15 FEMALES 45
SUBJ AGE SEX ENERGY PROTEIN CAR30H. FAT FIBRE
41 32 0 870 26.2 111 .6 38.5 10.8
42 25 0 2343 67.3 256.6 121 .6 14.6
43 38 0 1 420 62.5 168.8 56.4 6.2
44 20 0 1559 55.1 114.8 92.8 7.8
45 28 0 2314 77.4 253.7 114.6 12.6
46 24 0 2782 95.1 270.8 150.5 19.3
47 61 1 2991 93.5 335.1 151 .1 14
48 47 0 2064 75.1 193.6 113.2 12
49 35 0 1827 65.9 164.2 98.7 13
50 36 0 1 491 58 134.3 83.9 7.2
51 54 0 1594 57.6 160.6 77.5 14.3
52 57 0 2653 70.9 31 5.9 131.6 12.5
53 27 1 1841 71 .3 186 95.3 10.3
54 61 1 2555 85.4 302.8 118.1 21 .1
55 31 0 2648 97.5 268.6 99.6 11 .1
56 35 0 2532 74.5 265.9 134.9 10.7
57 47 0 1835 77.9 220.2 77.5 23.3
58 33 1 2274 110.6 202.2 109.3 24.9
59 36 0 2297 72.4 219.2 1 31 .6 13
60 23 0 1610 73.3 146.5 82.9 1 4
APPENDIX 9j
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
INTAKE OF MAJOR NUTRIENT GROUPS N=60 MALES 15 FEMALES 45
SUBJ CER/F. VEG/F. FR/F. N.C.P. CELL LIGNIN SUGARS LACT STARCH
41 8.9 1 .8 0 7.3 1 .98 0.98 27.9 7.7 76.4
42 3.3 10.8 0.5 10.14 3.77 0.28 107 12.4 100.5
43 2.9 2.9 0 4.62 1 .72 0.18 87 16.6 55.1
44 1 .6 5.9 0.3 5.29 1 .81 0.14 48.3 5 55.1
45 7.6 4.4 0.6 9.19 3.28 0.4 86.4 5.2 144.3
46 8.8 10.1 0.4 14.99 4.2 0.64 79.6 37.6 138.2
47 7.7 5.5 0.8 11.13 3.72 0.28 1 34.8 12.3 1 54.9
48 5.4 4.7 1.8 9.48 3.45 0.45 47.4 4.7 124.2
49 7.5 5.2 0.3 9.43 3.19 0.93 49.9 12.1 75.2
50 3.5 3.7 0 4.9 1 .87 0.16 38.8 8.5 69.1
51 9 4.2 1 .1 9.53 2.71 1 .41 74.4 11.4 55.2
52 7.4 4.1 1 8.96 3.24 0.64 160.6 21 .1 116.5
53 3.8 6.5 0 7.68 2.9 0.22 75.5 9.7 37.4
54 5 14.6 1 .5 13.4 5 ■ 0.43 133.4 16.5 139.7
55 7.2 3.9 0.1 9.13 3.04 0.32 88.9 20.9 1 49.8
56 4.2 6.3 0.2 6.73 2.8 0.84 161 .2 15.2 34.5
57 16.7 4.7 1 .9 17.56 5.19 2.09 50.3 23.1 1 34.9
58 8.5 14.3 0.4 17.17 6.56 1 .25 51 .9 6.9 123.1
59 6.7 3.9 2.3 9.21 3.33 0.59 74.3 0.7 1 27.1
60 5.5 6.1 2.5 8.63 3.16 0.81 37.3 11.4 82.8
APPENDIX 9k
IRRITA3LE BOWEL PATIENTS WITH PAIN AND BLOATING
INTAKE OF MAJOR NUTRIENT GROUPS N=53 MALES 19 FEMALES 34
SUBJ AGE SEX ENERGY PROTEIN CARBOH. FAT FIBRE
1 35 0 1811 69.9 228.7 74.9 21 .7
2 53 0 1423 53.3 153.4 70.3 9.5
3 65 0 1599 64 178.1 75 10.5
4 49 0 1818 60 227.5 80.6 20.9
5 28 1 2187 66.3 257.3 106.2 24.5
/-o 34 0 1 240 45.5 1 65.8 48.4 18.1
7 54 1 2717 74.8 333.1 129.6 18.4
8 54 1 2730 106.7 297.8 130.8 24
9 44 0 2226 72.7 240.7 113.9 16.9
10 29 1 1 965 61 .8 204.3 98.9 13.4
11 29 1 2742 92.9 265.2 152.7 11 .8
12 61 0 2409 77.1 226.5 124.1 10.5
1 3 39 0 1953 85.6 130.7 93.8 15.8
1 4 45 1 2228 72.1 195.5 -118.4 12.3
1 5 31 1 2441 78.7 255.2 108.3 17.7
16 55 1 3654 1 40.6 353.6 195.9 20.5
17 39 0 2098 78.3 236.1 96.9 13.7
18 31 1 2554 93.9 250.9 111.8 16.2
1 9 36 0 1754 64.8 181 .7 90.1 6.9
20 57 1 2568 100.6 304.6 113.7 16.5
21 25 0 2031 65.4 208 101.2 12.1
22 26 0 2536 89.7 282.3 123.1 17.3
23 51 0 1 683 69.4 159 89.1 6.1
24 53 0 1135 66 82 62.6 14.3
25 44 1 2458 105.1 244.2 124.6 14.2
26 67 0 1235 50.3 110.7 67.6 8.5
27 29 0 2589 91 .3 234.6 149.1 12
28 39 0 1636 61 181 .4 78.4 7.7
29 52 1 1 449 62.2 157.9 67.5 13.2
30 21 0 1856 52.8 1 82.7 1 03.2 12.5
31 32 1 1599 62 172.9 75.4 7.9
32 63 0 2070 88.9 245.2 88.2 19.7
33 53 0 1563 44.4 175.6 80.7 6.7
34 33 0 2418 69.3 289.4 117.3 13.7
35 55 0 2193 70.5 225.2 113.9 17.2
36 64 0 1 443 51 .9 148.7 75.2 7.9
37 23 0 1648 56.4 1 65.7 36.9 12.3
38 29 0 1 644 50.9 214.1 70.9 11.1
39 46 0 2036 51 .7 230.5 107.1 12.8
40 29 1 2228 81 254.4 102.7 16.1
>
APPENDIX9L
IRRITABLE BOWEL PATIENTS WITH PAIN AND BLOATING
INTAKE OF MAJOR NUTRIENT GROUPS N=53 MALES 19 FEMALES 34
SUBJECT CER/F. VEG/F. FR/F. N.C.P. CELL LIGNIN SUGARS LACT STARCH
1 13.1 4.8 2.6 1 4 4.17 2.07 79.7 15.4 108.3
2 4 3.9 1 .6 7.05 2.56 0.25 45.8 5.4 92.3
3 3.9 4.9 1.7 8.4 2.99 0.74 58.6 1 4.5 67.7
4 10.4 3.6 5.2 12.6 4.15 2.05 83.8 13.3 103.2
5 12.3 6.3 5.9 19.19 4.53 2.46 109.6 13.4 103.8
6 3.1 7.5 4.9 3.47 3.37 0.64 85.9 10.6 34.7
7 11.1 6.4 0.9 13.64 4.8 0.79 112.1 14.4 154.3
8 9.9 11.5 1 .9 1 5.03 5.57 0.88 117.6 7 155.2
9 11 4.4 1 .5 12.96 4.46 1 .03 62.7 21 .5 118.3
1 0 3.3 8.8 1.4 10.09 3.44 0.5 46.3 13.6 98
11 5.9 5.1 0.6 9.25 3.54 0.44 85.5 6 138.4
12 7.5 3 0 6.34 3.08 0.62 80.3 8.1 106.6
1 3 9.2 7.6 0 12.3 3.9 1 .2 51 .1 14.9 87.7
14 5.9 4.7 1 .7 13.3 4.9 0.2 38.3 7.9 1 31 .2
15 8.8 6.2 2.7 14.5 4.9 1 .1 75.9 10.7 148.1
1 6 1 0 6.1 4.3 16.4 6.25 0.57 72.4 17.1 203.6
17 4.5 8.6 0.6 10.9 4.14 0.26 95.9 11 .8 93.5
18 4.9 8.8 2.5 12.07 5.05 0.21 93.4 7.1 118.2
19 1 .8 4.4 0.6 5.71 2.26 0.21 79.3 16.2 54.1
20 8.3 5.2 2.3 10.73 4.12 0.73 123.4 22.9 116.9
21 4.6 o.4 1 7.52 2.95 0.3 60.3 10.1 104.6
22 8.7 5.2 2.4 12.37 4.97 0.71 88.3 1 2 1 54.6
23 3.2 2.5 0.4 4.52 1 .72 0.28 45.8 21 .8 59.7
24 7 7.3 0 10.51 3.8 0.48 2.2 7.7 63
25 9.8 4.4 0 11 .43 4.37 0.34 1 .3 21 .4 195.8
26 6.1 2.4 0 6.25 2.22 0.67 40.6 6.1 49.3
27 8.2 3.1 0.7 1 0.59 4.06 0.41 66.3 11.2 121 .3
28 2.8 4.7 0.2 6.49 2.8 0.19 73 12.8 59.1
29 7.7 3.6 1.9 10.52 3.3 1 .26 53.1 8.3 81 .6
30 3.5 8.1 0.9 8.22 2.97 0.24 50.3 14.5 88.4
31 3.4 4.5 0 5.18 2.04 7E-2 68.4 6.2 79.4
32 5 8.9 5.8 1 4.92 5.76 1 .23 97.7 13.1 113.9
33 3.9 2.6 0.2 4.79 2 1 E-2 51 .7 15.1 89.7
34 9.7 3.8 0.2 9.66 3.52 0.26 103.2 7.5 1 49.5
35 8.4 7.1 1 .7 11 .23 4.01 0.9 56.8 22.8 100.3
36 3.9 2.8 1 .3 5.06 1 .52 0.31 52.1 4.3 82.9
37 4.4 7.9 0 9.75 3.05 0.41 47.7 6.4 83.1
38 3.1 5.7 2.3 7.68 2.35 0.45 92.9 20.5 72.4
39 2.6 6 3.4 9.5 3.45 0.53 101 18 81
40 7.8 8 0.3 12.11 4.93 0.54 82.6 5 124.6
APPENDIX 9m
IRRITABLE BOWEL PATIENTS WITH PAIN AND BLOATING
INTAKE OF MAJOR ]NUTRIENT GROUPS N=53 MALES 19 FEMALES 34
SU3J AGE SEX ENERGY PROTEIN CARBOH. FAT FIBRE
41 21 0 2145 78 196.3 113.7 12.2
42 61 0 1578 62.2 145.3 83.8 13
43 32 1 3026 91 .8 327.8 156 10.4
44 39 0 2200 83.5 246.4 101 16.1
45 23 1 2234 90.9 233.6 110.4 15.9
46 46 0 2233 74.2 218.6 110.1 10.5
47 45 1 2791 112.7 258 137.9 21 .1
48 55 0 1731 64.3 162 94.4 9.4
49 56 1 2168 61 .5 288.6 93.4 8.9
50 55 0 1829 72 194.9 90.1 16.6
51 46 0 1 738 68.1 1 99.6 79.5 19.6
52 47 0 2153 72.8 216.3 113.8 11
53 27 1 2839 1 02.6 298.7 138.9 15.6
APPENDIX9n
IRRITABLE BOWEL PATIENTS WITH PAIN AND BLOATING
INTAKE OF MAJOR NUTRIENT GROUPS N=53 MALES 19 FEMALES 34
JECT CER/F. VEG/F. FR/F. N.C.P. CELL LIGNIN SUGARS LACT STARCH
41 4.9 6.4 1 .1 7.97 2.76 0.62 85.2 0 81 .7
42 5.8 7.1 0.1 7.95 2.75 0.6 44 19.2 73.5
43 5.9 4.1 0.4 9.42 3.54 0.25 119.9 6.8 123.8
44 8 6.4 1 .7 12.2 4.46 0.64 93.6 11.2 113.9
45 5.9 8.7 1 .3 11 .49 3.92 0.63 79.8 19.3 97.8
46 4 6.5 0 7 2.72 0.17 82.7 4.9 106.9
47 8.9 10.7 1 .5 13.76 7.66 0.92 109.1 5.7 113.5
48 3.5 4.7 1 .3 7.41 2.73 0.32 51 .2 10.2 80.7
49 5.6 3.3 0 8.61 3.31 0.13 121 .3 4.2 137.4
50 6.8 6.1 3.4 9.1 3.72 0.58 62.7 17.4 84.2
51 6.9 9.3 2.9 13.72 4.67 1 .05 80.1 8.9 101 .2
52 5.9 4.4 0.7 8.29 2.72 0.41 97.2 15.1 81 .6
53 6.5 7.5 1.6 10.65 4 0.5 135.9 12.6 128.5
APPENDIX 9 o
IRRITABLE BOWEL PATIENTS WITH PAIN AND DISTURBED BOWEL HABIT
INTAKE OF 1VLAJOR NUTRIENT GROUPS N = 43 MALES 16 FEMALES 27
SUBJ AGE SEX ENERGY PROTEIN CARBOH. FAT FIBRE
1 54 1 2892 105.6 221 .1 1 44.4 18.1
2 44 1 2723 34.8 342 122.3 21 .5
3 48 1 2703 90.8 274.7 132 29.1
4 34 1 3124 103.4 305.9 129.5 13.8
5 61 0 1906 73.3 188.5 100.6 10
6 30 1 1935 71.8 161 .3 113.2 13.6
7 35 0 1954 68.1 225.1 93 19.4
8 41 1 1 946 75.9 224.8 88.8 26
9 37 0 2161 69.1 265 98.8 20.6
1 0 68 0 1 91 0 65.9 182.9 101 .9 12.4
11 39 0 1302 49.3 90.9 77.9 5.9
12 24 0 1930 60.3 183.5 109 17.6
13 37 1 2537 102.6 201 .8 1 39.5 11.1
1 4 47 0 1397 58.2 140.3 65 12.2
15 50 1 1 662 69.1 1 49.2 64.1 8.7
16 35 0 161 5 64.6 184.5 70.4 13.6
17 41 1 2363 66.2 247.6 129.8 13.8
18 18 0 1743 57.8 216.4 77.8 8.7
19 45 0 2337 103.2 203.6 121 .4 14.7
20 42 0 2834 90.3 317.9 141 .7 18.3
21 56 0 2515 90.1 269 127.3 22.9
22 18 0 1736 53.8 175.9 94.5 13.1
23 28 0 1 905 76 160.5 107.6 9.6
24 22 0 2607 84.5 31 5.7 120.5 16.8
25 22 0 1802 58.1 206 85.3 14.6
26 36 1 3292 106.9 397.6 149.2 15.3
27 39 0 2551 80.3 286.7 129.4 12.3
28 43 1 2958 104.8 305.5 156.6 18.4
29 46 1 2688 84.7 325.2 113.4 23.2
30 50 1 2501 94.1 255 129.6 14
31 38 0 1287 63.1 146.8 51 .6 15
32 55 1 2653 94.5 240.9 119.3 13.5
33 58 1 3321 126.7 276.3 1 95.1 19.1
34 31 0 1549 96.7 176.2 55.1 1 4
35 43 1 3531 118.7 349.3 193.8 19.3
36 62 0 1767 61 .7 1 92.4 81 .9 13.2
37 48 0 1822 71 .9 1 63.8 102.2 13.6
38 28 0 211 5 71 .3 208.7 116.3 10.6
39 58 0 1 469 58.7 167.1 58.4 17.4
40 47 0 1571 85.7 93.1 75.4 8.2
41 45 0 1610 66.1 1 35.8 89.4 9.3
42 59 0 2100 • 63.9 264 93.3 9.1
43 42 0 1 769 47 225.3 77.1 13.2
APPENDIX 9p
IRRITABLE BOWEL PATIENTS WITH PAIN AND DISTURBED BOWEL HABIT
INTAKE OF MAJOR NUTRIENT GROUPS N=43 MALES 16 FEMALES 27
SUBJECT CER/F. VEG/F. FR/F. N.C.P. CELL LIGNIN SUGARS LACT STARCH
1 6.5 8.5 2.6 11 .27 4.03 0.46 85.1 9.1 109.8
2 9.2 8.7 2.3 15.51 5.67 1.17 135.6 20.2 1 35
3 19.9 5.9 1 .5 20.83 5.47 3.7 89.6 13.4 140.1
4 7.9 5 0.9 9.41 3.75 0.39 137.2 6 1 32.1
5 3.8 4.2 2 6.42 2.24 0.37 52.4 29.9 74.6
6 7.6 6 0 9.79 3.55 0.87 28.7 8.4 1 09.2
7 10.6 6.5 2.3 14.25 4.54 1 .06 42.6 19.2 126.9
8 11 .4 10 4.6 16.71 4.97 1 .08 49.9 1 4 128.1
9 7.6 9.6 3.4 13.77 5.03 0.77 53.1 4 181 .4
1 0 5.6 5.1 1 .7 8.85 3.03 0.44 44.1 13.1 90.3
11 3.5 2.4 0 4 1 .58 0.17 6.1 2.2 67.8
12 7.9 9.2 0.1 1 2.06 4.49 0.8 57.6 5.4 100.5
13 4.2 5.9 0.9 9.56 4.2 0.62 55.2 3.1 55.9
14 5.7 4.2 2.3 7.7 2.58 0.78 44.7 9.3 75.2
15 1 .9 4.7 2.1 7.03 2.87 0.12 72.7 6.6 46.2
16 6.13 5.4 1 .7 9.9 4.9 0.8 71 .4 8.1 97
1 7 5 8.7 0.1 10.27 1 .56 0.3 75.2 6 133.9
18 2.9 4.5 1 .2 7.54 3.65 0.4 104.7 7.3 73.1
19 6.7 6.8 1.2 9.63 3.37 0.81 34 6.8 1 35.6
20 8.5 7.3 2.5 11 .67 4.23 0.33 82.4 24.6 1 29.3
21 9.5 8.8 4.6 14.07 5.42 1 .07 90.8 9.2 1 40.1
22 6.3 6.8 0 10 3.27 0.57 35 13.1 111.5
23 4.5 5.1 0 7.11 3.15 0.1 13.1 7.9 99.8
24 7.5 8.4 0.9 12.92 4.29 0.73 121 .5 22.2 1 22.3
25 6.9 4.8 1 .5 10.67 3.58 0.98 78.4 7.9 95.5
26 8.8 4.8 1 .2 10.83 4.04 0.61 110.5 18.9 1 73.5
27 6.7 4.7 0.6 8.95 3.12 0.77 95.3 19.6 137.5
28 5.4 12.5 0.5 11.14 4.74 0.28 116 13.3 1 41
29 11.9 8.7 2.6 14.18 4.65 1 .31 157.2 10.6 117.9
30 5.7 7.3 0.7 10.93 4.01 0.41 92.3 10.7 1 22.7
31 1 .9 11 1.9 8.44 3.96 0.67 73.1 12.1 39
32 6.9 4.2 2.1 9.11 3.23 1 .01 86.9 13.9 1 02.9
33 16.4 2.8 0.2 13.47 4.32 1 .15 74.4 4 187.9
34 4.7 8 1.3 8.93 3.26 0.52 53.8 17.3 68.8
35 13.3 5.9 0.2 12.72 4.92 0.86 52.5 17.9 218.9
36 5.3 3.1 2.2 9.59 3.23 1.18 96.7 6.3 73.4
37 3.4 5.8 4.4 8.63 3.2 1.11 45.5 13.2 65.6
38 5.5 4.6 0.4 7.02 2.68 0.56 68.9 10.9 99.4
39 9.3 7.7 0.4 12.39 4.02 1 .89 64.7 0.8 91 .5
40 0.6 5.8 1 .9 5.6 2.6 0.36 48.4 2.3 28.7
41 4.9 3.8 0.6 5.83 2.81 0.39 42.8 4.8 70.3
42 5.2 3.7 0.2 6.14 2.11 0.6 111 .6 16.3 1 22.4
43 6.8 5.8 0.6 8.15 3.12 0.43 113.1 4.6 103.8
APPENDIX 10a
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
CONTROL GROUP
SU3J WHITE BROWN BISCS/ BREAKF. OTHER DAIRY COOK. MEAT EGGS
BREAD BREAD CAKES CEREALS CEREAL PRODS FATS
1 54 0 55 0 107 0 29 107 1 5
2 2 93 38 150 51 164 37 270 15
3 30 0 6 0 63 0 0 62 55
4 0 50 206 11 0 200 17 105 1 9
5 6 33 60 80 36 150 14 140 24
6 81 6 105 13 30 207 23 135 0
7 73 11 175 0 30 200 30 210 15
8 65 0 135 25 0 31 0 20 160 24
9 30 35 125 30 0 . 315 23 61 24
1 0 51 60 128 34 0 455 28 200 5
11 455 0 54 0 1 28 499 75 487 185
12 25 35 64 13 0 575 11 175 24
13 30 78 125 1 5 0 230 35 180 24
1 4 0 55 54 1 4 0 375 10 11 8 1 5
15 23 23 35 25 45 175 1 5 1 50 1 5
16 74 0 235 21 0 210 24 1 40 0
17 0 95 110 45 0 360 10 64 7
18 11 5 0 45 0 68 170 33 250 70
19 9 69 45 45 77 275 20 1 90 0
20 165 1 7 105 0 0 235 41 1 90 75
21 1 7 63 52 45 25 167 21 117 0
22 51 69 70 28 30 295 31 1 55 54
23 23 42 40 38 50 215 11 1 25 45
24 103 0 195 8 2 430 24 74 60
25 69 73 75 17 0 420 49 200 0
26 1 7 85 85 45 0 407 25 280 24
27 1 1 5 1 4 138 0 60 310 27 128 0
28 0 90 31 0 75 11 5 32 175 65
29 34 49 107 0 0 260 24 1 72 64
30 85 0 172 0 253 90 28 1 45 40
31 77 1 7 224 14 64 452 25 195 50
32 85 39 144 0 0 200 33 146 65
33 68 1 0 107 1 o 5 244 30 165 5
34 43 57 66 11 89 222 25 128 56
35 74 35 125 40 50 225 20 230 25
36 1 3 75 93 0 28 175 17 94 1 0
37 25 0 41 0 25 100 7 185 15
38 36 23 58 28 15 260 20 140 20
39 0 65 1 8 0 1 5 180 21 65 50
40 124 13 68 0 0 175 32 1 65 5
>
APPENDIX 10b
DIETARY SURVEY 
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS <g/day)
CONTROL GROUP
SUBJ FISH POTS FRUIT VEGS SUGAR CONFECT SOFT ALCOH.
&NUTS EX POTS DRINKS
1 45 0 65 165 188 4 0 0
2 93 91 145 200 0 10 0 16
3 49 63 90 244 18 6 0 50
4 13 140 120 150 24 5 85 15
5 34 1 35 25 77 10 30 0 0
6 31 54 102 164 0 0 47 60
7 25 85 35 73 10 33 65 1 5
8 25 123 105 135 10 0 245 95
9 38 1 45 245 105 11 0 0 1 65
10 0 34 140 145 0 0 20 20
11 0 160 85 1 48 6 52 105 0
12 1 7 295 80 1 59 0 1 0 0 440
13 21 81 265 105 0 0 29 0
1 4 24 93 45 91 0 10 111 30
15 25 115 57 133 0 21 0 15
16 0 105 63 20 25 57 10 50
17 25 80 110 65 17 20 0 0
18 10 70 295 250 0 8 0 250
19 53 75 120 115 12 35 90 1 95
20 75 130 205 75 0 5 0 140
21 33 210 25 125 28 0 0 900
22 35 117 1 65 11 5 35 5 0 30
23 30 1 20 0 105 5 5 240 11 5
24 25 35 150 170 5 1 0 0 0
25 0 1 50 120 155 0 13 28 20
26 0 150 124 125 12 28 0 15
27 0 150 70 115 0 5 0 25
28 10 170 178 198 0 22 0 95
29 0 0 250 112 10 0 110 15
30 40 145 335 155 0 35 0 47
31 21 185 0 195 0 21 211 0
32 0 1 55 117 98 0 21 108 785
33 60 140 92 174 0 5 64 1 00
34 0 46 178 105 0 20 55 70
35 25 48 67 42 0 30 0 0
36 0 60 87 85 0 0 21 25
37 32 150 29 122 0 0 0 80
38 20 83 0 150 0 0 125 0
39 60 170 84 315 0 5 20 332
40 45 120 50 135 0 20 115 110
APPENDIX 10c
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
CONTROL GROUP
SUBJ WHITE BROWN BISCS/ BREAKF. OTHER DAIRY COOK. MEAT EGGS
BREAD BREAD CAKES CEREALS CEREAL PRODS FATS
41 55 0 69 8 50 124 10 188 5
42 12 155 30 17 25 335 34 154 18
43 17 17 56 0 29 126 11 199 32
44 9 165 15 4 0 180 41 77 0
45 64 10 88 0 30 167 0 172 0
46 158 0 120 60 4 563 25 167 62
47 114 0 33 0 111 297 29 374 65
48 98 0 94 6 4 261 41 94 49
49 97 0 107 2 50 210 20 287 17
50 25 90 7 14 73 324 33 93 8
51 0 39 21 31 0 372 14 81 50
52 160 0 236 6 77 470 61 280 34
53 0 105 50 18 30 150 14 160 33
54 0 107 28 0 137 278 19 196 0
55 0 119 86 0 39 196 15 97 63
56 88 56 88 4 0 335 30 280 12
57 211 69 65 0 77 280 19 212 70
58 0 295 74 8 35 203 172 0 60
59 70 63 0 0 66 266 28 440 30
60 12 114 63 0 48 340 42 250 33
61 6 45 44 17 26 222 10 15 27
>
APPENDIX 1Od
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
CONTROL GROUP
SUBJ FISH POTS FRUIT VEGS SUGAR CONFECT SOFT ALCOH
&NUTS EX POTS DRINKS
41 0 165 17 88 10 0 0 20
42 0 30 100 105 0 20 65 65
43 57 135 35 52 5 0 115 15
44 39 69 58 72 0 26 50 11
45 38 104 51 74 0 13 64 66
46 0 46 0 51 11 0 75 100
47 23 77 49 80 30 5 0 0
48 43 20 200 60 0 11 29 380
49 10 85 220 127 0 9 0 0
50 10 120 34 175 0 13 54 200
51 12 12 30 120 0 0 0 434
52 17 60 162 118 0 0 0 30
53 0 106 138 106 0 20 23 1070
54 0 33 235 180 0 0 68 380
55 35 42 224 145 0 29 0 0
56 8 28 245 105 0 6 19 60
57 0 176 4 180 0 9 40 1073
58 0 125 55 192 0 18 63 110
59 130 142 273 399 0 3 0 345
60 0 50 0 135 0 0 0 3315
61 0 135 22 170 0 44 160 1349
1
2
3
4
5
6
7
8
9
10
11
1 2
13
1 4
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
APPENDIX 1Oe
DIETARY SURVEY 
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day) 
IRRITABLE BOWEL PATIENTS WITH CONSTIPATION
WHITE BROWN BISCS/ BREAKF. OTHER DAIRY COOK. MEAT EGGS
BREAD BREAD CAKES CEREALS CEREAL PRODS FATS
43 69 86 20 0 357 36 144 0
13 60 150 0 0 237 14 1 32 9
60 4 58 10 25 180 21 1 39 68
65 17 1 44 10 18 195 17 120 37
69 0 88 0 0 95 20 1 90 20
84 0 1 5 0 25 0 20 1 20 36
20 0 5 0 18 143 7 75 9
55 0 0 0 0 185 20 190 12
115 0 40 0 17 275 35 1 55 70
34 10 70 0 0 340 11 97 25
0 69 0 0 0 272 18 0 0
0 1 24 64 0 0 85 38 1 55 49
9 0 0 0 21 49 3 65 1 9
0 25 17 0 32 124 0 107 40
60 69 120 18 0 315 14 250 15
100 0 40 0 17 135 47 95 31
65 60 31 18 0 249 27 1 45 0
84 0 111 0 3 135 25 1 30 0
0 84 227 0 0 478 25 0 28
145 0 55 20 0 135 27 100 1 5
30 30 97 85 43 310 23 85 5
128 0 35 2 17 90 30 170 6
81 21 1 45 0 0 205 34 60 8
11 5 0 55 3 115 485 41 275 1 5
20 25 64 1 2 0 253 22 1 40 28
180 0 118 0 64 320 55 283 31
79 0 1 90 15 69 110 20 1 55 45
128 0 34 17 25 128 28 117 0
80 0 31 0 77 110 18 88 18
1 5 39 33 0 35 193 18 65 20
9 1 8 45 21 43 475 0 120 20
APPENDIX 10f
DIETARY SURVEY 
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day) 
IRRITABLE BOWEL PATIENTS WITH CONSTIPATION
SUBJ FISH POTS FRUIT VEGS SUGAR CONFECT SOFT ALCOH
&NUTS EX POTS DRINKS
1 1 3 186 1 30 62 0 0 46 0
2 43 10 275 185 0 163 0 0
3 0 94 43 130 21 0 57 50
4 0 65 17 90 5 0 0 0
5 80 120 183 218 0 1 0 0 0
6 0 52 0 45 0 0 0 0
7 50 88 70 40 0 0 0 0
8 25 110 17 103 30 0 75 0
9 0 40 80 52 16 22 57 0
10 55 115 180 107 36 25 65 60
11 47 63 31 82 0 0 9 0
12 25 88 114 85 0 27 0 0
13 10 0 305 110 0 0 0 0
1 4 17 0 89 210 0 2 0 150
15 28 1 32 185 58 0 8 0 0
1 6 21 86 63 100 0 5 57 78
17 0 125 200 133 0 0 0 0
1 8 21 110 0 303 125 1 4 282 21
19 55 1 4 143 24 0 62 0 0
20 34 95 192 92 5 0 10 610
21 34 69 145 39 55 0 69 0
22 0 240 0 39 0 50 170 0
23 35 48 10 59 2 20 32 200
24 21 103 30 108 91 35 0 40
25 20 25 157 50 18 10 10 0
26 25 172 34 127 48 31 0 0
27 1 5 110 20 95 20 0 90 10
28 3 65 25 37 10 0 100 25
29 0 21 107 38 30 1 5 1 4 155
30 25 140 135 186 5 6 0 63
31 0 125 56 124 10 3 30 63
>
APPENDIX 1 Og
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
SUBJ WHITE BROWN BISCS/ BREAKF. OTHER DAIRY C.OOK. MEAT EGGS
BREAD BREAD CAKES CEREALS CEREAL PRODS FATS
1 19 0 90 0 0 224 9 80 0
2 177 0 1 9 6 20 263 25 210 8
3 56 0 36 0 0 156 16 197 36
4 62 41 100 25 0 237 33 1 45 0
5 108 0 47 0 0 410 • 23 30 13
6 254 0 90 3 8 310 45 190 35
7 77 0 30 3 0 350 27 103 34
8 47 17 55 0 0 165 21 113 15
9 135 0 85 0 47 107 34 136 42
10 81 19 60 39 20 178 12 73 34
11 36 0 6 0 0 224 43 112 15
1 2 8 39 1 5 0 21 190 14 117 10
13 71 0 0 0 0 260 15 1 47 5
1 4 49 0 22 0 73 205 10 116 18
15 157 0 50 0 0 167 23 60 15
1 6 0 69 198 25 0 360 23 155 29
17 158 0 119 11 0 321 54 210 8
18 55 145 40 0 0 35 25 1 55 18
19 22 18 73 20 0 143 10 1 40 0
20 0 104 73 3 21 265 1 4 0 13
21 120 0 1 33 20 10 285 30 110 34
22 90 34 80 1 4 2 140 26 230 55
23 45 0 90 0 0 1 50 18 1 03 0
24 150 0 51 0 0 77 35 8 135
25 95 9 35 0 0 585 33 75 0
26 61 50 125 1 2 20 140 40 215 30
27 35 21 77 0 39 140 20 1 45 25
28 90 0 73 0 0 110 30 260 5
29 158 0 75 1 7 0 670 53 285 0
30 75 0 75 5 0 178 23 110 15
31 47 0 71 23 0 217 10 1 20 15
32 140 0 85 0 20 45 20 160 0
33 79 30 73 65 25 135 35 255 15
34 82 0 49 1 1 0 156 29 21 5 45
35 77 0 28 0 77 185 30 200 8
36 98 8 15 0 50 77 30 167 35
37 81 0 115 0 4 175 28 130 10
38 55 0 70 0 0 140 20 11 0 17
39 77 34 253 18 0 698 40 144 0
40 137 0 117 0 50 357 31 200 5
>
APPENDIX 1 Oh
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
SUBJ FISH POTS FRUIT
&NUTS
VEGS 
EX POTS
SUGAR CONFECT SOFT
DRINKS
ALCOH
1 10 115 39 81 0 0 31 111
2 0 125 20 60 23 52 86 0
3 21 21 162 153 0 4 0 0
4 0 130 74 136 22 23 5 33
5 0 88 94 42 0 25 0 0
6 0 57 40 93 59 7 0 0
7 40 137 0 1 28 33 1 0 21 20
8 54 80 0 29 6 8 0 20
9 35 111 51 126 7 10 64 110
1 0 43 168 0 85 0 62 10 0
11 34 105 0 1 42 71 0 0 0
12 4 59 54 85 0 0 5 45
1 3 34 118 142 92 8 0 0 0
1 4 25 85 6 56 1 4 0 80 0
15 23 115 0 110 45 1 0 155 0
1 6 27 155 18 142 57 11 0 0
17 47 170 25 30 72 43 0 0
1 8 1 7 85 0 72 29 35 0 0
19 30 110 0 135 5 6 170 15
20 83 100 75 180 0 20 200 0
21 17 41 135 77 12 20 495 20
22 20 105 0 125 0 0 0 0
23 25 123 0 82 44 0 0 0
24 51 135 0 135 0 0 115 270
25 25 87 13 50 20 0 215 2170
26 20 165 17 140 6 4 20 445
27 18 80 0 70 0 1 5 30 175
28 0 130 0 95 0 0 0 0
29 0 220 0 40 65 45 750 0
30 12 105 18 73 1 0 37 0 0
31 25 125 0 10 10 5 0 0
32 0 192 25 143 60 24 30 0
33 45 77 108 120 30 5 15 1100
34 1 4 252 21 52 5 1 4 185 155
35 0 1 45 22 110 0 54 165 640
36 13 165 0 28 1 4 0 185 230
37 35 50 68 102 53 20 65 8
38 0 70 3 62 37 0 0 0
39 25 145 110 80 1 4 44 280 35
40 17 92 0 41 0 0 162 10
APPENDIX 1Oi
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
SUBJ WHITE BROWN BISCS/ BREAKF. OTHER DAIRY COOK. MEAT EGGS
BREAD BREAD CAKES CEREALS CEREAL PRODS FATS
41 77 51 10 15 0 165 25 0 31
42 103 0 82 0 38 285 24 1 30 9
43 60 0 70 0 0 355 0 141 0
44 26 0 86 0 0 154 24 170 25
45 86 1 7 245 14 0 1 28 18 160 86
46 128 0 180 28 0 843 44 1 47 8
47 128 0 1 44 29 0 230 24 1 48 0
48 128 0 11 8 0 0 158 33 170 16
49 40 32 95 20 0 270 25 180 15
50 110 0 35 0 0 180 37 163 35
51 0 85 28 17 30 242 39 120 55
52 28 40 225 0 0 459 29 135 8
53 90 0 0 10 51 248 30 1 90 1 5
54 110 0 63 30 0 395 30 190 5
55 168 0 24 30 45 445 40 282 0
56 30 9 60 0 25 235 31 11 4 25
57 24 96 79 60 0 153 34 1 36 44
58 34 34 103 6 0 107 22 260 49
59 94 72 203 0 0 49 43 1 58 60
60 38 43 99 0 0 275 30 167 8
APPENDIX 10j
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS
IRRITABLE BOWEL PATIENTS WITH DIARRHOEA
SUBJ FISH POTS FRUIT VEGS SUGAR CONFECT SOFT
&NUTS EX POTS DRINKS
41 10 5 0 30 17 5 0
42 30 182 34 118 45 21 20
43 11 60 3 71 49 20 21
44 15 1 45 20 79 0 6 222
45 39 115 17 52 18 0 23
46 13 128 11 106 22 6 75
47 0 87 140 86 35 8 0
48 0 157 97 53 0 5 0
49 15 60 17 118 10 0 35
50 17 50 0 90 30 0 0
51 17 32 40 82 40 17 0
52 63 100 50 110 65 45 0
53 42 90 0 63 60 10 0
54 50 225 97 126 68 30 65
55 29 91 10 56 10 0 143
56 21 89 11 70 55 9 14
57 0 162 72 57 0 12 0
58 10 145 15 144 3 2 20
59 0 87 75 75 0 11 211
60 26 140 115 74 0 0 45
(g/day)
ALCOH.
0
12
50
30
30
0
18
0
50
0
150
0
0
10
1640
7
0
150
0
30
APPENDIX 10k
DIETARY SURVEY
FOOD INTAKEStIN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH PAIN AND BLOATING
SUBJ WHITE BROWN BISCS/ BREAKF. OTHER DAIRY COOK. MEAT EGGS
BREAD BREAD CAKES CEREALS CEREAL PRODS FATS
1 20 82 106 30 30 345 17 100 19
2 98 0 73 0 0 120 13 160 6
3 64 0 39 15 0 308 21 138 38
4 44 43 103 85 0 328 21 0 46
5 13 124 100 5 21 302 45 170 0
6 17 0 11 8 0 199 4 74 17
7 145 0 138 25 4 370 43 107 8
8 69 128 150 10 11 195 60 205 35
9 10 60 121 56 6 489 21 70 8
10 150 0 94 0 0 460 25 118 0
11 128 0 150 0 39 193 30 255 8
12 102 85 148 3 20 195 23 135 45
13 17 65 83 20 55 325 15 180 70
14 145 9 132 0 0 175 45 184 0
15 69 64 79 10 0 245 37 205 0
16 332 0 115 0 0 450 43 280 63
17 90 21 85 0 0 300 29 159 8
18 160 0 55 0 0 170 30 180 39
19 35 0 64 0 21 305 15 165 8
20 8 85 245 80 6 490 27 230 18
21 78 30 90 0 10 240 21 148 38
22 107 34 70 30 115 260 31 242 36
23 60 0 140 4 0 470 28 125 4
24 70 70 8 11 10 190 20 197 0
25 245 0 9 20 25 455 65 260 55
26 40 25 20 0 4 140 30 140 16
27 12 98 260 0 0 295 60 210 15
28 17 34 38 0 50 305 18 90 0
29 43 60 50 14 13 185 23 110 40
30 77 0 145 0 0 335 31 85 42
31 68 8 54 0 50 140 20 105 45
32 65 0 65 25 0 285 33 145 0
33 133 0 47 0 0 330 40 73 5
34 128 69 114 0 0 181 47 202 0
35 43 11 141 24 24 520 23 144 0
36 81 0 191 0 0 118 27 144 8
37 81 24 20 11 0 167 26 77 8
38 24 0 43 17 25 437 7 125 21
39 72 0 30 0 25 364 34 89 31
40 94 21 84 25 50 115 31 219 24
>
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
APPENDIX 10 1
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH PAIN AND BLOATING
FISH POTS FRUIT VEGS SUGAR CONFECT SOFT ALCOH
&NUTS EX POTS DRINKS
39 83 180 85 29 10 90 0
0 77 70 97 0 25 0 0
44 125 80 110 50 0 0 0
12 62 190 127 0 6 90 0
0 73 279 115 5 25 400 0
0 130 97 107 44 14 28 0
0 205 45 94 100 0 0 0
49 165 120 233 22 58 0 5
24 159 58 79 6 45 135 4
0 150 70 115 35 20 100 50
21 130 17 46 36 0 0 0
51 120 0 68 23 15 95 180
19 95 0 130 28 13 11 65
60 102 63 115 0 0 0 97
35 223 95 43 0 25 65 855
21 222 225 65 0 35 0 0
21 125 20 0 75 5 21 23
45 165 130 21 10 55 20 790
21 110 31 20 57 17 43 0
90 69 115 43 40 50 0 0
21 117 39 0 0 25 70 110
0 120 91 70 25 24 70 15
17 57 21 70 0 44 34 7
6 77 0 34 0 0 0 0
17 165 0 0 10 0 0 0
6 50 0 50 10 20 28 42
0 150 30 90 0 5 0 0
69 123 17 45 55 0 45 10
55 85 89 79 35 0 5 0
0 85 30 90 0 24 170 19
55 69 0 72 45 2 0 10
119 197 294 45 0 75 0 0
0 63 0 105 60 0 0 0
0 102 0 25 53 30 0 0
26 91 60 32 13 28 0 57
20 41 63 103 32 0 0 0
36 137 0 48 13 9 121 0
15 100 114 100 65 0 20 0
0 144 191 44 73 4 17 0
0 134 14 111 35 17 111 85
APPENDIX 10m
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH PAIN AND BLOATING
SUBJ WHITE BROWN BISCS/ BREAKF. OTHER DAIRY COOK. MEAT EGGS
BREAD BREAD CAKES CEREALS CEREAL PRODS FATS
41 48 13 125 11 25 302 21 182 90
42 73 42 70 0 25 410 43 125 20
43 92 0 170 0 0 180 21 310 5
44 77 0 125 35 30 260 23 170 0
45 115 0 20 20 15 420 35 195 45
46 110 0 51 0 20 140 38 189 15
47 80 0 160 28 0 190 37 255 24
48 99 0 13 3 20 230 33 250 15
49 165 0 33 21 55 89 43 235 5
50 0 98 108 15 0 472 30 112 0
51 60 55 32 6 17 224 23 99 0
52 54 30 95 10 0 325 35 167 45
53 99 0 295 15 0 304 25 242 17
>
41
42
43
44
45
46
47
48
49
50
51
52
53
APPENDIX 1 On
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH PAIN AND BLOATING
FISH POTS FRUIT VEGS SUGAR CONFECT SOFT ALCOH
&NUTS EX POTS DRINKS
0 62 42 135 27 0 21 155
0 35 0 124 0 30 0 75
0 215 20 140 57 20 110 110
18 145 60 33 30 22 15 60
40 130 77 105 35 6 160 0
34 115 0 160 25 30 190 40
21 125 45 120 20 15 197 520
0 110 63 130 32 0 30 10
11 185 0 70 20 120 0 0
17 85 1 54 40 10 7 10 0
73 140 157 199 37 8 30 0
0 90 28 103 46 15 55 47
0 132 34 117 55 10 0 250
APPENDIX 10 O
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH PAIN AND DISTURBED BOWEL HABIT
SUBJ WHITE BROWN BISCS/ BREAKF. OTHER DAIRY COOK. MEAT EGGS
BREAD BREAD CAKES CEREALS CEREAL PRODS FATS
1 72 64 106 0 0 224 44 169 55
2 34 85 237 20 0 453 25 124 50
3 6 205 138 5 35 299 43 175 32
4 125 22 29 34 73 180 50 234 8
5 47 0 250 0 0 645 20 150 17
6 107 0 55 29 4 230 30 120 30
7 90 38 85 33 4 429 23 109 13
8 63 51 57 44 30 333 19 77 25
9 185 0 180 0 47 85 33 142 0
10 70 43 95 43 9 294 37 130 45
11 115 0 10 0 0 73 31 150 48
12 0 110 80 14 25 140 38 80 8
13 120 0 80 0 0 230 30 200 110
14 30 9 68 30 25 210 15 405 0
15 30 13 77 7 0 233 14 103 5
16 57 0 40 0 0 158 14 210 8
17 9 9 135 21 22 185 7 140 15
18 125 0 80 0 0 140 42 130 25
19 34 25 4 23 0 304 15 135 0
20 75 0 95 0 0 155 24 164 0
21 75 0 119 0 42 162 24 305 17
22 120 31 167 0 0 535 35 165 16
23 77 30 245 22 31 195 37 184 25
24 43 17 39 23 43 305 20 93 0
25 77 0 223 20 0 424 28 155 26
26 280 0 195 5 0 450 55 215 25
27 51 9 88 34 43 190 23 110 9
28 124 0 272 25 0 433 42 288 17
29 105 17 101 0 51 357 28 187 43
30 24 69 157 36 47 230 40 164 0
31 40 20 35 40 15 415 13 104 30
32 50 0 32 0 0 30 11 95 24
33 162 0 178 13 0 193 30 312 9
34 77 0 105 0 0 335 31 84 42
35 175 0 63 0 0 235 49 240 0
36 77 0 89 0 0 310 17 169 0
37 34 0 162 0 25 150 10 157 5
38 0 115 65 17 17 35 20 120 0
39 120 0 65 0 43 185 33 160 130
40 0 0 0 6 8 48 0 312 24
41 8 65 135 0 0 130 20 162 16
42 112 4 158 9 0 340 31 130 0
43 80 30 125 4 0 110 35 42 17
>
APPENDIX 1 Op
DIETARY SURVEY
FOOD INTAKES IN TERMS OF MAJOR FOOD GROUPS (g/day)
IRRITABLE BOWEL PATIENTS WITH PAIN AND DISTURBED BOWEL HABIT
SUBJ FISH POTS FRUIT
&NUTS
VEGS 
EX POTS
SUGAR CONFECT SOFT
DRINKS
ALCOH
1 90 100 69 140 10 47 133 700
2 4 130 100 180 81 0 0 0
3 42 106 189 110 21 10 10 487
4 47 58 23 80 100 0 0 1755
5 0 48 48 75 0 21 33 0
6 40 97 0 112 10 4 28 107
7 17 106 100 144 5 34 19 0
8 85 145 111 102 7 5 30 0
9 0 91 139 115 0 14 6 0
10 0 94 64 75 3 25 6 23
11 0 34 0 65 0 0 0 64
12 38 145 6 118 21 10 170 30
13 43 118 45 105 60 20 105 95
14 0 175 14 130 0 18 64 205
15 0 64 90 108 0 5 68 60
16 0 94 105 69 0 0 75 595
17 8 80 95 86 11 4 55 47
18 15 280 0 74 38 15 45 0
19 39 85 34 35 0 0 27 5
20 24 125 42 58 40 10 210 0
21 10 133 60 70 0 0 0 135
22 0 96 77 62 4 40 10 10
23 31 150 160 120 0 20 11 0
24 36 137 0 80 7 10 43 45
25 50 123 31 41 24 67 6 0
26 0 140 17 98 28 0 0 0
27 10 118 78 37 0 23 131 100
28 0 160 52 40 48 67 124 47
29 64 186 17 161 76 4 0 16
30 57 14 140 136 85 44 0 265
31 70 180 53 60 64 24 0 0
32 70 40 120 315 20 17 100 30
33 0 154 0 96 45 73 0 0
34 0 110 31 40 0 25 170 23
35 23 125 10 135 65 0 35 0
36 35 82 242 130 5 15 0 0
37 0 64 178 48 38 0 160 65
38 38 77 102 195 0 2 43 163
39 0 99 0 78 0 0 0 47
40 0 121 82 149 18 12 105 45
41 10 115 28 90 0 5 0 30
42 38 83 28 16 50 13 0 0
43 36 67 11 110 57 0 36 53
